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SUMMARY 

This  paper  reviews  the  past  15  years  of  research  at  Alexandria,  Louisiana, 
on  10  of  the  newer  herbicides  that  are  in  use  or  show  promise.  Only  formu- 
lations with  relatively  high  activity  are  included. 

The  report  is  based  on  more  than  60  studies,  including  soil,  foliar,  and  in- 
jection applications.  The  outlook  is  good  for  effective  substitutes  for  herbicides 
now  in  use,  and  for  new  products  that  will  control  a  broader  array  of  species  with 
greater  consistency. 


If  herbicides  are  handled,  applied,  or  disposed  of  improperly  they  may  be 
injurious  to  humans,  domestic  animals,  desirable  plants,  and  pollinating  in- 
sects, fish,  or  other  wildlife,  and  may  contaminate  water  supplies.  Use  herb- 
icides only  when  needed  and  handle  them  with  care.  Follow  the  directions 
and  heed  all  precautions  on  the  container  label. 

The  use  of  trade,  firm,  or  corporation  names  in  this  publication  is  for  the 
information  and  convenience  of  the  reader.  Such  use  does  not  constitute  an 
official  endorsement  or  approval  by  the  U.S.  Department  of  Agriculture  of 
any  product  or  service  to  the  exclusion  of  others  which  may  be  suitable. 
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Research  to  find  more  effective  and  less  expensive 
methods  of  controlling  cull  hardwoods  has  been  con- 
ducted continuously  over  the  past  three  decades  at 
Alexandria,  Louisiana.  Ammate  in  chopped  cups, 
2,4,5-T  in  frills,  aerial  spraying,  and  tree  injection  with 
undiluted  herbicides  are  some  of  the  innovations  origi- 
nating from  this  work  that  have  saved  landowners  mil- 
lions of  dollars  in  site  preparation,  release,  and  stand 
improvement. 

This  paper  summarizes  the  performance  of  10  effec- 
tive or  promising  herbicides  that  have  been  evaluated 
over  the  past  15  years  at  Alexandria.  The  information 
was  obtained  in  about  60  studies,  each  of  which  tested 
two  or  more  formulations.  In  all,  about  30  formulations 
were  evaluated,  but  many  were  ineffective  or  with- 
drawn by  the  manufacturer. 

Only  a  few  of  the  10  herbicides  are  registered  for 
specific  uses  in  forestry:  others  are  registered  for  non- 
forestry  purposes,  and  several  have  no  registration  or 
only  experimental  registration.  Data  given  here  will  aid 
in  improving  current  practices  and  perhaps  even  in  ob- 
taining registrations. 

Herbicides  were  tested  for  efficacy  when  applied  to 
the  foliage,  to  the  soil,  and  injected  into  the  base  of 
trees.  Some  (such  as  pellets)  were  suitable  only  for  soil 
application:  most  liquid  formulations  were  tested  by 
tree  injection  and  foliar  spraying.  Procedures  that  were 
standard  in  tests  are: 

1.  Tree  injection  incisions  were  made  with  a  1.75- 
inch  bit  within  2  inches  of  groundline.  Spacing  between 
incisions  was  measured  from  edge  to  edge. 


2.  Soil  application  consisted  of  uniformly  distributing 
pellets,  granules,  or  powders  in  a  band  12  to  24  inches 
wide  about  12  inches  from  tree  base. 

3.  Foliar  sprays  were  applied  with  backpack  mist 
blower  or  garden  sprayer. 

4.  Topkills  were  estimated  two  growing  seasons  after 
treatments  were  applied. 

Herbicides  are  arranged  alphabetically  by  common 
or  trade  names.  The  manufacturers  of  herbicides  men- 
tioned in  this  paper  are  listed  in  Appendix  A.  Since 
the  text  is  restricted  to  highlights  of  the  studies,  detailed 
results  of  some  of  the  more  important  studies  are  given 
in  Appendix  B.  Publications  emanating  in  whole  or 
part  from  these  studies  are  listed  in  Appendix  C. 

Many  trials  were  made  with  mixtures  of  herbicides, 
of  which  only  a  few  are  mentioned.  Also,  about  a 
dozen  studies  were  conducted  that  attempted  to  com- 
bine soil  and  foliar  herbicides  (usually  applied  about 
30  days  apart).  None  of  these  are  reported,  although 
in  several  instances  results  obtained  from  application 
of  one  of  the  herbicides  applied  alone  as  a  check  have 
been  used. 

Throughout  this  paper  the  performance  of  herbi- 
cides is  described  in  general  terms  like  high  or  satis- 
factory, marginal,  or  unsatisfactory  kills.  Definitions  for 
these  terms  vary  by  method  of  application.  Generally, 
foliar  sprays  are  satisfactory  or  effective  if  top  defolia- 
tions are  75  percent  or  higher,  marginal  when  between 
60  and  74  percent,  and  unsatisfactory  when  below  60 
percent.  Criteria  for  kills  with  tree  injection  are  slightly 
higher. 
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Statistical  tests  were  made  in  all  comparisons,  but 
they  are  not  reported.  Emphasis  has  been  placed  on 
overall  efficacy  rather  than  relative  performance. 

GLYPHOSATE 

Glyphosate  is  a  new  herbicide  that  shows  consider- 
able promise.  It  has  been  tested  in  two  water-soluble 
liquid  formulations:  (1)  MON  2139,  now  registered  as 
Roundup,  containing  3  pounds  acid  equivalent  (ae) 
per  gallon  with  a  surfactant,  and  (2)  MON  0139  con- 
taining 4  pounds  ae  per  gallon  without  the  surfactant. 
MON  2139  has  experimental  registration  for  foliar 
spraying  and  tree  injection  of  unwanted  hardwoods 
on  forest  sites. 
Tree  Injection 

In  1973  both  formulations  were  tested  by  tree  injec- 
tion with  blackjack  oak1  and  sweetgum,  5  to  7  inches 
d.b.h.  A  1-ml  dose  of  undiluted  herbicide  was  applied 
in  May  in  three  incisions  about  6  inches  apart.  Top- 
kills  were  97  and  100  percent  for  the  two  formulations, 
an  excellent  result  given  the  wide  spacing  of  incisions. 
The  control,  2,4-D  amine?  gave  only  80-percent  con- 
trol 

Glyphosate  (MON  0139)  was  compared  with  Tor- 
don  101  on  blackjack  oak  and  sweetgum.  Trees  were 
injected  with  2  ml  of  undiluted  chemical  in  one  and 
two  incisions  in  winter  and  spring.  Trees  were  grouped 
in  two  diameter  classes  — 3.5  to  5.0  inches  and  6.0  to 
7.5  inches.  Overall,  glyphosate  outperformed  Tordon 
101  and  resulted  in  excellent  kills  with  only  four  excep- 
tions, three  of  which  involved  a  single  incision  (Appen- 
dix B,  table  1).  A  single  injection  of  glyphosate  was  ef- 
fective on  all  sizes  of  sweetgum  in  each  season. 

In  another  study,  Glyphosate  (MON  0139),  Tordon 
101,  and  Velpar  were  compared  on  sweetgum,  black- 
jack oak,  and  hickory  ranging  from  5  to  9  inches  d.b.h. 
Treatments  were  applied  in  May  using  1  ml  per  incision 
with  incisions  spaced  at  7-inch  intervals.  Glyphosate 
gave  excellent  kills,  except  with  hickory,  and  was  better 
overall  than  the  other  two  herbicides  (Appendix  B, 
table  2).  A  1:1  mixture  of  glyphosate  and  Tordon  101 
gave  higher  kills  than  either  herbicide  alone,  and  was 
fairly  effective  on  hickory. 

In  another  injection  study  (Appendix  B,  table  3),  2 
ml  of  undiluted  glyphosate  (MON  0139)  injected  in 
June  with  incisions  5  inches  apart  gave  almost  com- 
plete topkill  of  red  and  blackjack  oaks.  Glyphosate 


(MON  0139)  mixed  with  equal  parts  of  2,4-D  amine 
was  superior  to  Tordon  101R  and  2,4-D  amine  alone 
on  sweetgum  (Appendix  B,  table  4). 

Glyphosate  is  an  excellent  herbicide  for  injection. 
More  precise  guidelines  for  use  on  upland  species 
and  prescriptions  for  bottomland  species  are  needed. 
Mixtures  of  glyphosate  and  less  costly  herbicides 
should  also  be  investigated. 

Foliar  Spray 

As  a  foliar  spray,  Glyphosate  (MON  0139)  was  ini- 
tially tested  on  4-year-old  sweetgum,  red  oak,  and 
green  ash  in  a  brush  nursery.  It  was  applied  in  May 
with  3  pounds  ae  in  10  gallons  of  water  per  acre. 
Topkills  were  satisfactory,  except  on  red  oak,  and  were 
comparable  to  or  better  than  results  with  2  pounds  of 
2,4,5-T3  ester. 

In  a  follow-up  study  in  the  brush  nursery,  3  pounds 
ae  of  glyphosate  (MON  0139)  in  20  gallons  of  water 
killed  sweetgum,  red  oak,  and  green  ash  more  effec- 
tively than  tebuthiuron  (2  pounds  active),  2,4,5-T  (2 
pounds  active),  or  picloram  (1  pound  active)? 

In  the  first  field  study,  2  pounds  active  of  glyphosate 
(MON  0139)  were  compared  with  2  pounds  of  2,4,5-T 
ester,  2.54  pounds  of  Tordon  101,  and  2.74  pounds  of 
Tordon  10 1R  in  20  gallons  of  water  per  acre.  Treat- 
ments were  applied  in  late  May  to  mixed  brush  on  an 
upland  site.  Topkills  ranged  from  73  to  79  percent  for 
all  formulations  except  Tordon  101R,  which  gave  65 
percent  control  (Appendix  B,  table  5). 

As  a  foliar  spray  glyphosate  needs  much  more  test- 
ing, particularly  at  different  rates  of  application.  Tests 
of  this  herbicide  should  use  the  MON  2139  formula- 
tion because  it  has  an  experimental  registration.  A  de 
foamer  is  needed  with  glyphosate,  especially  when  it  is 
applied  as  a  foliar  spray. 

KRENITE 

Krenite  is  formulated  as  a  liquid  containing  4 
pounds  active  ingredient  (ai)  per  gallon  that  can  be 
mixed  with  water.  It  is  registered  as  a  foliar  spray  for 
weed  and  brush  control  on  industrial  sites,  tank  farms, 
rights-of-way,  and  drainage  ditches,  and  is  reportedly 
safe  to  use  around  ponds  and  water  supplies.  The  pri- 
mary use  of  Krenite  is  to  inhibit  bud  break  in  the  spring. 
To  inhibit  bud  break  unwanted  plants  are  drenched  in 
the  fall,  30  to  40  days  before  senescence.  This  method 


'Scientific  names  of  species  are  given  in  Appendix  D. 


22,4-D  is  registered  for  control  of  broadleaf  weeds  and  certain  sus- 
ceptible woody  perennials  on  agricultural  lands,  rangelands  and 
pastures  as  well  as  such  noncrop  areas  as  rights-of-way.  drainage 
ditch  banks  and  vacant  lots. 


32.4.5  T  is  registered  for  control  of  herbaceous  and  woody  plants  in 
forests,  on  rights-of-way.  and  on  rangelands  and  pastures. 


4Picloram  is  the  active  ingredient  in  Tordon  101.  Tordon  101R.  Tor- 
don 10K.  and  Tordon  22K 


is  especially  good  in  recreational  or  scenic  areas  be- 
cause aesthetically  objectionable  brownout  of  foliage  is 
avoided.  Fall-spray  tests  are  underway,  but  results  are 
not  yet  available. 

One  study  of  Krenite  applied  by  tree  injection  has 
been  completed  (Appendix  B,  table  3)  and  another  is 
in  its  second  year.  When  4  ml  of  undiluted  Krenite  was 
injected  in  June  and  incisions  spaced  5  inches  apart, 
high  kills  of  red  and  blackjack  oaks  5  to  7  inches  d.b.h. 
were  obtained.  However,  Tordon  101,  glyphosate 
(MON  0139),  Velpar.  and  Garlon  3A  (Dow  M-3724) 
were  equally  effective  at  only  2  ml  per  incision. 

In  a  current  study,  Tordon  101,  glyphosate  (MON 
0139),  Velpar,  and  Garlon  3A  (Dow  M-3724)  are  being 
compared.  Red  oak,  blackjack  oak,  sweetgum,  and 
hickory  were  injected  with  1  and  2  ml  of  undiluted 
herbicide  per  incision  as  follows:  trees  3  to  5  inches 
d.b.h.  received  one  incision,  trees  6  to  8  inches  two 
incisions,  and  trees  9  to  11  inches  three  incisions.  First- 
year  results  (which  are  not  always  reliable)  indicate 
Krenite  performs  satisfactorily  on  all  but  hickory  and  it 
is  as  effective  as  the  other  formulations  in  the  test,  but 
it  is  slower  acting  than  most  herbicides  used  for  tree 
injection.  Available  information  seems  to  show  that 
Krenite  has  more  promise  in  southern  forestry  when 
injected  than  when  sprayed. 

TEBUTHIURON 

Tebuthiuron  was  formulated  in  a  variety  of  ways  dur- 
ing its  development,  including  small  pellets  containing 
10,  20,  30,  and  40  percent  active  ingredient,  an  80- 
percent  wettable  powder  marketed  under  the  trade 
name  Spike,  and  large  (10-gram)  pellets  containing 
about  10,  20,  and  30  percent  active  ingredient.  Studies 
have  been  conducted  with  most  of  the  formulations. 
Currently,  only  the  20-percent  pellets  and  the  80-per- 
cent wettable  powder  are  available.  The  wettable  pow- 
der is  registered  for  use  around  industrial  sites,  railway 
roadbeds,  and  tank  farms.  The  20-percent  pellets  have 
a  permit  for  experimental  use  in  controlling  brush  on 
range  lands.  Granules  in  1-  and  5-percent  formula- 
tions are  also  registered  for  some  industrial  uses,  but 
we  have  not  tested  them. 

Tebuthiuron  has  been  tested  in  17  studies,  starting  in 
1973,  most  often  by  soil  application  alone  or  in  com- 
bination with  foliar  sprays.  Several  studies  were  con- 
ducted with  the  wettable  powder.  Because  of  the  major 
changes  in  available  formulations,  only  a  few  of  the 
more  important  studies  are  summarized  here. 

Broadcast 

Tebuthiuron  showed  promise  from  the  first  study  in 
which  it  was  included.  Ten-percent  ai  pellets  were  com- 


pared with  10-percent  bromacil  (Hyvar  X)5  pellets  in 
April  when  broadcast  at  4,  8,  and  12  pounds  ai  per 
acre.  The  4-pound  rate  of  tebuthiuron  controlled  a 
broad  array  of  hardwoods  (including  oaks)  well.  The 
two  high  rates  gave  almost  complete  control.  In  con- 
trast, all  rates  of  bromacil  achieved  only  marginal  con- 
trol, ranging  from  63  to  81  percent,  and  several 
prevalent  species  were  resistant  (Appendix  B,  table  6). 

When  10-percent  pellets  of  tebuthiuron,  Tordon 
10K,  and  Velpar  were  broadcast  in  April,  on  an  upland 
site,  at  4  pounds  per  acre,  tebuthiuron  was  most  effec- 
tive (Appendix  B,  table  7).  Broadcast  at  8  pounds  per 
acre,  Velpar  and  tebuthiuron  were  effective,  and  both 
were  superior  to  Tordon  10K 

In  another  study,  on  an  upland  brushy  site,  tebuth- 
iuron (10-percent  pellets)  and  Tordon  10K  were  com- 
pared by  broadcasting  6,  8,  and  10  pounds  ai  per 
acre  in  March.  Contrary  to  early  findings,  the  6-pound 
rate  of  tebuthiuron  was  unsatisfactory,  although  the 
two  higher  rates  were  effective.  Tordon  10K  was  effec- 
tive at  all  rates. 

Several  other  studies  on  upland  sites  showed  that  an 
8-pound-per-acre  rate  of  tebuthiuron  is  required  for 
satisfactory  control.  Some  variation  in  effectiveness 
probably  was  caused  by  differences  in  upland  soils. 
Lower  dosages  were  effective  on  the  sandier  soils  and 
higher  rates  were  needed  on  heavier,  finer-textured 
soils. 

A  study  conducted  on  a  bottomland  site  that  com- 
pared tebuthiuron  and  Tordon  10K  broadcast  at  4  and 
8  pounds  (active)  per  acre  showed  Tordon  10K  was 
more  effective  at  both  rates,  but  only  the  8-pound  rate 
was  satisfactory.  Since  the  high  rate  of  tebuthiuron 
gave  only  a  68-percent  kill,  the  minimum  rate  on  these 
sites  should  be  at  least  10  pounds  per  acre. 

Tebuthiuron  is  a  potent  soil  herbicide  when  broad- 
cast, equal  or  superior  to  bromacil  and  Tordon  10K. 
But  because  its  persistence  in  the  soil  limits  its  utility, 
no  further  broadcast  studies  are  planned. 

Banding 

Tebuthiuron  was  also  evaluated  as  10-  and  40-per- 
cent pellets,  by  banding  individual  trees  on  a  sandy 
loam  soil  in  May.  It  was  compared  with  Tordon  10K, 
Velpar,  and  a  combination  of  Tordon  10K  and  tebuth- 
iuron at  rates  of  0.5  and  1.0  gram  (active)  per  inch  of 
trunk  diameter  (Appendix  B,  table  8).  Concentration  of 
tebuthiuron  pellets  had  no  important  influence  on  kills. 
The  1-gram  rates  gave  93  and  97  percent  control  of 


5  Hyvar  X.  whose  active  ingredient  is  bromacil.  is  registered  for  use  on 
noncropland  for  nonselective  weed  and  brush  control  and  for  selec- 
tive control  in  certain  crops. 


post  oak,  but  only  35  and  50  percent  control  of 
hickory. 

Tebuthiuron  does  have  merit  for  banding  individual 
trees.  Banding  trials  should  be  conducted  at  rates  from 
1  to  3  grams  of  active  material  per  inch  of  diameter. 

Tree  Injection 

Tebuthiuron  was  also  evaluated  by  tree  injection  in 
three  studies,  but  it  was  inferior  to  Tordon  in  all  trials. 
The  liquid  for  injection  was  made  by  adding  0.5  and 
1.0  pound  ai  of  the  80-percent  wettable  powder  to  1 
gallon  of  water,  but  since  the  powder  does  not  dis- 
solve in  the  carrier,  its  lethal  action  may  be  limited. 

TORDON  101 

Tordon  101  is  registered  for  application  by  injection 
and  when  mixed  with  2,4,5-T  for  foliar  spraying.  It  has 
been  on  the  market  for  about  10  years.  It  is  a  liquid 
containing  2  pounds  ae  of  2,4-D  amine  and  0.54 
pound  ae  of  picloram  per  gallon. 

Tree  Injection 

Over  the  past  15  years,  Tordon  101  has  been  in- 
cluded in  18  individual  injection  studies.  Initially,  it  was 
compared  with  2,4-D  amine,  the  standard  chemical 
used  for  tree  injection  when  testing  began.  Several 
comparisons  of  Tordon  101  and  2,4-D  amine  have 
been  made  (Appendix  B,  tables  9  and  10).  Later  Tor- 
don 101  was  used  as  a  standard  for  evaluating  other 
herbicides. 

Tordon  101  has  killed  as  much  or  more  unwanted 
vegetation  as  2,4-D  amine  in  all  comparisons,  regard- 
less of  season,  species,  or  site.  It  is  effective  on  species 
that  are  difficult  to  kill  with  2,4-D  amine,  including 
sweetgum,  hickory,  swamp  privet,  ironwood,  pecan, 
and  red  maple.  Tordon  101  is  most  effective  when 
applied  in  late  summer  and  winter,  unlike  2,4-D  which 
is  most  effective  in  spring  and  early  summer. 

Soon  after  Tordon  101's  effectiveness  was  demon- 
strated, tests  were  conducted  to  determine  if  one- 
incision  doses  of  4  to  5  ml  would  kill  several  prev- 
alent oak  species,  2  to  8  inches  d.b.h.  Single  incisions 
were  not  consistently  satisfactory,  although  Tordon  101 
again  outperformed  2,4-D.  Two  incisions  of  5  ml  each 
gave  acceptable  kills  of  oaks  up  to  7  inches  d.b.h. 

When  comparing  Tordon  101  and  2,4-D  amine  it 
should  be  recognized  that  the  acid  equivalents  are  not 
the  same.  Tordon  101  contains  2.54  pounds  ae  per 
gallon,  while  2,4-D  has  4.0  pounds.  However,  Tordon 
101  is  about  three  times  more  costly  than  2,4-D. 

Since  Tordon  101  is  more  viscous  than  many  other 
herbicides,  the  liquid  flows  slowly  from  the  injector. 
This  may  be  a  problem,  especially  in  winter  but  it  can 
be  circumvented  by  mixing  the  herbicide  with  equal 


parts  of  water  and  increasing  the  dosage  proportion- 
ately. 

On  upland  sites,  a  1-ml  dose  of  undiluted  Tordon 
101  in  incisions  spaced  5  inches  apart  is  recom- 
mended in  all  seasons  for  trees  5  inches  d.b.h.  and 
larger.  For  smaller  trees,  a  1-ml  dose  in  two  incisions 
is  adequate.  Local  tests  should  be  conducted  to  see  if 
a  wider  spacing  of  incisions  can  be  used  in  the  dor- 
mant season.  On  bottomland  sites,  1  ml  in  incisions  3 
inches  apart  is  recommended. 
Foliar  Spray 

We  have  not  adequately  tested  Tordon  101  as  a 
foliar  spray.  In  studies  conducted  in  the  brush  nursery 
with  high-volume  applications,  it  showed  no  superiority 
over  2,4,5-T  ester.  In  a  field  test  with  mixed  species  of 
brush,  it  gave  marginal  kills  comparable  to  those 
achieved  with  2,4,5-T.  Little  emphasis  was  placed  on 
foliar-spray  studies  of  Tordon  101  because  early  test 
results  showed  it  had  no  superiority  over  2,4,5-T  alone 
and  priority  was  given  to  a  mixture  of  picloram  and 
2,4,5-T.  Newer,  more  promising  foliar  sprays  that  have 
been  tested  in  the  last  few  years  have  shown  this  to  be 
a  valid  decision. 

TORDON  101R 

Tordon  101R,  also  a  liquid,  has  about  one-half  the 
concentration  of  each  active  ingredient  as  Tordon  101, 
a  total  of  1.37  pounds  ae  per  gallon.  It  is  registered 
for  application  by  tree  injection  and  frilling,  but  not  as 
a  foliar  spray.  The  manufacturer  states  it  is  ready  to  use 
and  gives  no  instructions  for  dilution.  It  is  comparable 
to  Tordon  101  mixed  1:1  with  water,  because  it  is  less 
viscous,  and  flows  quickly  from  an  injector. 
Tree  Injection 

In  the  first  test  of  this  formulation,  May  injection  of 
1  ml  of  undiluted  chemical  with  incisions  5  inches 
apart  resulted  in  92  percent  kill  of  red  oaks  4  to  12 
inches  d.b.h.  The  same  treatment  with  undiluted  2,4-D 
amine  gave  99  percent  kill.  Defoliation  of  sweetgum 
with  a  Tml  dose  in  incisions  at  3-inch  intervals  aver- 
aged 51  percent  for  Tordon  101R  and  67  percent  for 
2,4-D  amine.  Apparently,  the  concentration  of  this  ma- 
terial is  too  low  for  Tml  doses  at  wide  spacing  to  be 
effective. 

Until  additional  information  is  available  from  several 
studies  that  are  underway,  it  seems  advisable  to  rely  on 
experience  with  Tordon  101  and  use  a  2-ml  dose  at 
5-inch  intervals. 
Foliar  Spray 

Only  one  foliar  spray  study  of  Tordon  101 R  has 
been  conducted.  It  compared  2.74  pounds  ae  or  2  gal- 
lons of  Tordon  101 R  to  2  pounds  ae  of  2,4,5-T  ester 
per  acre.  Both  herbicides  were  mixed  with  water  and 


applied  in  May  at  a  rate  of  20  gallons  per  acre.  Topkill 
averaged  76  percent  for  2,4,5-T  and  65  percent  for 
Tordon  101R.  In  the  same  study,  Tordon  101  applied 
at  2.54  pounds  per  acre  effected  75  percent  topkill.  It 
appears  that  both  Tordon  formulations  are  about  as 
effective  as  the  standard  spray  treatment  with  2,4,5-T 
ester,  and  they  may  be  adequate  substitutes  for 
2,4,5-T.  But  they  should  not  be  used  for  pine  release 
because  conifers  are  highly  sensitive  to  picloram. 

TORDON  155 

This  is  a  liquid,  oil-soluble  formulation  containing 
4.0  pounds  ae  of  2,4,5-T  ester  and  1.0  pound  ae  of 
picloram  per  gallon.  It  is  registered  as  a  basal-bark  and 
dormant-season  top  spray.  It  has,  however,  been  eval- 
uated by  tree  injection  and  as  a  spring-applied  foliar 
spray. 
Foliar  Spray 

The  first  foliar-spray  test  was  started  in  1964.  A 
locally  mixed  formulation  of  Tordon  155  was  applied 
in  May  at  2.5  pounds  (0.5  gallon)  per  acre  in  a  drench 
spray  to  a  stand  of  dense  brush.  A  2.0-pound-per-acre 
spray  of  2,4,5-T  ester  was  used  for  comparison.  Both 
formulations  used  oil  as  the  carrier  and  both  were 
about  equally  effective,  killing  over  85  percent  of  the 
hardwoods. 

In  1971,  the  manufacturer  furnished  several  combi- 
nations of  herbicides  for  test.  A  formulation  equivalent 
to  Tordon  155  was  sprayed  on  small,  mixed  brush  at 
2.5  pounds  per  acre  in  10  gallons  of  oil  and  compared 
to  4.0  pounds  per  acre  of  2,4,5-T  ester.  Topkills  aver- 
aged 74  and  72  percent,  respectively.  Tordon  155  ex- 
celled on  red  maple.  2,4,5-T  was  most  effective  on 
dogwood,  and  they  were  equally  effective  on  the  other 
species. 

Included  in  the  same  trial  was  a  mixture  of  2,4,5-T 
and  picloram  that  was  similar  to  Tordon  155.  It  had 
4.0  pounds  of  2,4.5-T  ester  and  0.75  pound  of  piclor- 
am per  gallon,  not  quite  as  much  picloram  as  a  gallon 
of  Tordon  155.  It  was  applied  like  the  other  formula- 
tions at  a  rate  of  4.75  pounds  per  acre.  Overall,  topkills 
from  this  formulation  were  slightly  higher  than  from 
4.0  pounds  of  2,4.5-T  ester  alone  (Appendix  B,  table 
11). 

Another  study  compared  Tordon  155  and  2,4.5-T 
ester  as  top  sprays  in  January  or  foliar  sprays  in  June 
at  rates  of  3.0  and  6.0  pounds  in  30  gallons  of  diesel 
oil  per  acre.  All  treatments  resulted  in  satisfactory  top- 
kills,  ranging  from  79  to  91  percent  in  winter  and  87  to 
94  percent  in  summer.  Differences  between  the  two 
herbicides  were  small  and  unimportant  in  both  sea- 
sons. The  high  rate  of  2.4.5-T  was  no  more  effective 
than  the  low  one;  doubling  the  rate  of  Tordon  155  in- 


creased topkills  about  12  percentage  points,  which 
hardly  justifies  the  added  cost  (Appendix  B,  table  12). 
Studies  conducted  so  far  indicate  that  as  a  foliar 
spray,  Tordon  155  may  be  slightly  more  effective  than 
2,4,5-T  when  total  pounds  of  active  ingredient  are  the 
same,  but  the  higher  cost  (about  double)6  of  Tordon 
155  and  the  need  for  oil  in  the  mixture  may  easily 
offset  the  small  advantage  Tordon  155  may  have. 

Tree  Injection 

Tordon  155  has  been  evaluated  by  tree  injection  in 
three  studies.  In  the  first,  the  Tordon  formulation  was 
mixed  1:1  with  oil  and  injected  in  red  maple  and  sweet- 
bay  with  1  and  2  ml  in  incisions  at  1-,  3-,  and  5-inch 
intervals.  (Mixing  with  oil  in  this  ratio  reduced  the  acid 
equivalent  from  5.0  to  2.5  pounds  per  gallon.)  The 
control,  2,4-D  amine,  was  injected  undiluted.  Treat- 
ments were  applied  in  April  to  trees  4  to  8  inches  d.b.h. 
Both  herbicides  gave  excellent  kills  of  sweetbay,  even 
at  the  widest  spacing  of  incisions.  2,4-D  failed  badly  on 
red  maple,  but  Tordon  155  gave  an  89-percent  kill 
even  at  the  widest  intervals.  Adding  a  small  amount  of 
picloram  to  2,4,5-T  (as  well  as  to  2,4-D)  seems  to  in- 
crease its  activity  on  hard-to-kill  species. 

The  next  study  compared  Tordon  155  mixed  1:1 
with  oil  to  Tordon  101  and  oil-soluble  2,4-D  amine 
(3  pounds  ae/gallon),  on  4-  to  8-inch  blackjack  oak, 
post  oak,  and  hickory.  One-ml  doses  were  applied  in 
one  and  two  incisions  per  tree  in  May  and  December. 
None  of  the  May  treatments  were  fully  satisfactory. 
Tordon  101  and  Tordon  155  gave  comparable  kills 
and  both  were  better  than  2,4-D.  Winter  applications 
of  both  Tordon  155  and  2,4-D  were  far  inferior  to  Tor- 
don 101,  which  effected  satisfactory  topkills  with  two 
incisions  (Appendix  B,  table  10). 

Finally.  Tordon  155  and  undiluted  2,4-D  amine  were 
compared  on  blackjack  and  red  oaks  ranging  from  5  to 
7  inches  d.b.h.  Treatments  were  applied  in  May  with 
one  incision  per  tree  and  dosages  of  2,  3,  and  5  ml. 
No  treatment  gave  satisfactory  topkills  (41  to  72  per- 
cent) and  differences  between  herbicides  were  small. 

When  injected,  Tordon  155  seems  less  effective  than 
Tordon  101,  but  slightly  superior  to  2.4-D  amine. 


TORDON  10K 

Tordon  10K  is  a  pelleted  herbicide  containing  11.6 
percent  picloram  (or  10.0  percent  ae)  as  the  active  in- 
gredient. It  is  registered  for  use  in  forestry  by  banding 
individual  trees  and  broadcasting. 


"Costs  vary  by  manufacturer  and  quantities  purchased,  making  com- 
parisons difficult. 


Banding 

Tests  of  Tordon  1  OK  as  a  soil  herbicide  were  started 
in  1962  by  banding  individual  trees.. The  control  was 
Hyvar  X  (as  a  wettable  powder  containing  80  percent 
ai).  the  most  effective  soil  herbicide  at  that  time.  Test 
species  were  red  and  blackjack  oaks  on  a  sandy  loam 
soil,  and  sweetgum  and  ironwood  on  a  silt  loam  soil, 
4  to  9  inches  d.b.h.  Both  herbicides  were  applied  in 
April  at  0.25,  0.5,  and  1  gram  (active)  per  inch  of 
trunk  diameter.  Tordon  was  satisfactory  on  ironwood  at 
the  two  high  rates  and  on  sweetgum  at  all  rates.  Both 
oaks  were  resistant  to  Tordon  10K.  Hyvar  X  was  effec- 
tive on  blackjack  oak  and  sweetgum  at  the  lowest  rate, 
but  was  unsatisfactory  on  the  other  two  species  at  the 
highest  rate.  Overall,  both  herbicides  were  about 
equally  effective. 

Red  oak,  sweetgum,  and  ironwood  from  4  to  12 
inches  d.b.h.  were  banded  in  March  with  the  same  two 
herbicides  at  1.0,  1.5,  and  2.0  grams  per  inch  of  diam- 
eter. The  site  was  a  low  terrace  with  a  silty  clay  soil. 
Kills,  even  at  the  2-gram  rate  of  Tordon,  were  very  low 
on  all  species.  In  contrast,  Hyvar  X  gave  satisfactory 
kills  of  sweetgum  and  red  oak  at  the  1.5-gram  rate, 
but  was  ineffective  with  ironwood  at  all  rates. 

A  study  installed  in  May  (ordinarily  too  late  for  maxi- 
mum effectiveness)  compared  Tordon  10K,  tebuth- 
iuron  pellets,  and  Velpar  90  percent  water-soluble  pow- 
der at  0.5-  and  1-gram  rates  for  each  inch  of  trunk 
diameter.  Test  species  were  post  oak  and  hickory  4  to 
10  inches  d.b.h.  Tordon  10K  was  unsatisfactory  on 
post  oak  and  gave  satisfactory  kills  of  hickory  only  at 
the  1-gram  rate.  The  other  two  herbicides  were  fully 
effective  on  post  oak  at  the  high  rate.  This  study  sug- 
gested Tordon  may  be  a  good  candidate  to  mix  with 
the  other  herbicides  where  hard-to-kill  species  like 
hickory  are  prevalent.  Late  application  may  have  been 
a  major  factor  in  reducing  Tordon's  control  of  oak. 

In  a  final  banding  study,  Tordon  10K  and  10-percent 
bromacil7  pellets  were  compared  on  post  and  blackjack 
oaks  4  to  10  inches  d.b.h.  at  1  and  2  grams  ai  per  inch 
of  trunk  diameter.  Treatments  were  applied  in  March, 
April,  May,  and  June.  Tordon  was  unsatisfactory  in  all 
months  at  both  rates,  but  bromacil  was  acceptable  ex- 
cept at  the  1-gram  rate  in  June.  The  high  resistance  of 
oaks  to  Tordon  10K  was  clearly  demonstrated  in  this 
study. 

Banding  is  ideally  suited  for  small  tracts  where  hard- 
woods are  4  inches  d.b.h.  or  larger,  especially  when  the 
landowner  doesn't  want  to  inject  trees.  In  such  cases, 
Tordon  10K  is  useful,  especially  on  sandier  soils.  It 
should  be  applied  at  a  minimum  of  1.5  grams  per  inch 


7 Bromacil  is  no  longer  available  in  pellet  form. 


of  trunk  diameter;  more  for  oaks  or  when  treatin 
finer-textured  soils.  As  with  all  soil  herbicides,  applia 
tions  should  be  made  in  March  or  April  when  rainfa 
is  high.  Hyvar  X  is  an  excellent  soil  herbicide,  but  pov 
der  is  difficult  to  apply. 

Broadcasting 

Tordon  10K  was  also  tested  for  broadcasting,  aga: 
using  10  percent  bromacil  pellets  for  comparison.  Bol 
herbicides  were  broadcast  in  March  at  rates  of  2.5,  5.1 
and  7.5  pounds  per  acre.  Plots,  located  on  a  poor 
drained  upland  site,  had  dense  stands  of  small  brus 
Kills  were  marginal  at  the  high  rate,  averaging  73  pe 
cent  for  Tordon  10K  and  66  percent  for  bromacil. 

In  a  study  designed  to  determine  effects  of  litter  c 
herbicide  effectiveness,  2,  4,  and  10  pounds  of  Tordc 
10K  were  broadcast  in  March  on  plots  with  mixe 
brush  2  to  12  feet  tall.  The  10-pound  rate  gave  c, 
percent  kill,  compared  to  73  and  56  percent  for  tl 
two  lower  rates.  No  other  herbicide  was  tested.  Remo 
al  of  litter  did  not  improve  defoliation  at  any  rate. 

Tordon  10K  and  10  percent  tebuthiuron  pelle 
were  compared  by  broadcasting  in  March  on  a  sane 
loam  soil  at  2,  4,  and  6  pounds  per  acre.  At  the  ■ 
pound  rate,  Tordon  10K  was  satisfactory  and  mo 
effective  than  tebuthiuron.  At  the  high  rates,  both  he 
bicides  were  comparable.  Unlike  tebuthiuron,  Tordc 
gave  marginal  kills  of  resistant  oak. 

Tordon  10K  and  10-percent  tebuthiuron  pelle 
were  also  evaluated  at  4-  and  8-pound  rates  on 
creek-bottom  site  with  small  brush.  Pellets  were  broa 
cast  in  May  to  avoid  flooding.  Kills  averaged  89  pe 
cent  for  Tordon  and  68  percent  for  tebuthiuron.  Tc 
don  was  relatively  ineffective  on  oaks,  but  was  superii 
on  most  other  species,  the  best  performance  of  Tordc 
10K  to  that  time. 

In  a  comparison  of  Tordon  10K  and  tebuthiurc 
pellets  on  an  upland  soil,  pellets  were  broadcast 
March  at  6,  8,  and  10  pounds  (active)  per  acre.  Tordc 
was  satisfactory  at  all  rates,  as  was  tebuthiuron  at  tl 
two  higher  rates  (Appendix  B,  table  13).  A  1:1  mix 
the  two  herbicides  was  as  effective  as  Tordon  alone. 

More  recently,  Tordon  10K,  tebuthiuron,  and  Velp 
pellets,  all  with  10  percent  active  material,  were  cor 
pared  by  broadcasting  in  April  at  4  and  8  pounds  p 
acre.  The  site  had  a  sandy  loam  soil  and  dense  har< 
woods.  Tordon  ranked  third  in  effectiveness  at  bol 
rates;  tebuthiuron  gave  the  highest  kills  (Appendix  I 
table  7). 

Tordon    10K  is  an   effective   soil   herbicide  whe 
broadcast  at  10  pounds  (active)  per  acre.  Like  oth 
soil  herbicides,  it  should  be  applied  in  late  winter 
early  spring  when  rains  occur  regularly.  Why  Tord( 
outperformed  tebuthiuron  in  some  studies  and  not 


others  is  unclear:  it  may  have  been  due  partly  to  the 
prevalence  of  oaks,  which  are  resistant  to  Tordon.  Re- 
sistance of  oaks  is  a  major  disadvantage  of  this  herbi- 
cide. Its  greatest  value  may  be  in  mixing  with  other 
herbicides  that  are  lethal  to  oaks. 

TORDON  5K 

This  is  a  new,  pelleted  formulation  that  has  about 
half  as  much  picloram  (the  active  ingredient)  as  Tor- 
don 10K.  The  added  weight  is  a  decided  drawback 
when  broadcasting.  If  10  pounds  ai  per  acre  is  to  be 
broadcast.  200  pounds  of  material  must  be  distributed. 
But  one  potential  advantage  is  rapid  infiltration  into 
the  soil. 

Tordon  5K  and  10K  have  been  compared  in  only 
one  study.  They  were  broadcast  in  May  on  an  upland 
soil  at  a  6-pound  rate.  Topkills  were  55  and  75  percent 
for  the  5K  and  10K  formulations. 

Additional  studies  are  planned  with  Tordon  5K.  but 
primarily  as  a  banding  treatment  where  weight  is  less 
critical  than  with  broadcasting. 

TRICLOPYR 

Triclopyr,  a  relatively  new  herbicide,  was  initially 
made  available  for  preliminary  research  in  two  formu- 
lations: M-3724,  a  water-soluble  amine  containing  3 
pounds  ae  per  gallon,  and  M-4021,  an  oil-soluble, 
water-emulsifiable  ester  containing  4  pounds  ae  per 
gallon.  The  amine  formulation  is  now  registered  for 
foliar  spraying  and  carries  the  trademark  Garlon  3A 
Herbicide. 

In  our  studies,  the  amine  formulation  has  been  used 
for  tree  injection  and  the  ester  formulation  for  foliar 
spraying,  the  same  pattern  that  was  followed  with  the 
phenoxy  herbicides  (2,4-D  amine  and  2,4,5-T  ester). 
Foliar  Spray 

Garlon  3A  Herbicide  was  initially  evaluated  as  a  foli- 
ar spray  in  the  hardwood  brush  nursery  at  2  pounds 
ae  in  20  gallons  of  water  per  acre.  Trees  were  sprayed 
in  May.  Topkills  of  red  oak  were  unacceptable  and 
were  marginal  for  sycamore  and  green  ash.  They  were, 
however,  comparable  to  those  from  2  pounds  per  acre 
of  2,4,5-T  ester. 

As  part  of  an  evaluation  of  combined  soil  and  foliar 
applications,  Garlon  3A  was  sprayed  on  mixed  brush  in 
June  at  1.5  pounds  in  10  gallons  of  water  per  acre. 
Defoliation  with  Garlon  3A  alone  averaged  60  percent, 
which  was  promising,  given  the  low  concentration  of 
the  spray. 

Triclopyr  in  its  ester  formulation  (containing  4 
pounds  ae  per  gallon)  was  also  appraised  as  a  foliar 
spray  on  mixed  brush.  A  rate  of  2  pounds  in  20  gal- 
lons of  water  per  acre  applied  in  May  gave  79  percent 


topkill,  comparable  to  that  from  2  pounds  of  2,4,5-T 
ester  used  as  a  check.  When  triclopyr  (M-4021)  was 
mixed  1:1  with  2,4,5-T  ester  (total  2  pounds  active)  or 
Tordon  101  (total  2.27  pounds  active),  defoliations 
were  as  high  as  with  triclopyr  alone  (Appendix  B,  table 
8). 

Triclopyr  (M-4021)  was  compared  with  2,4.5-T  ester 
as  a  foliar  spray  in  January  and  June  at  3  and  6 
pounds  in  30  gallons  of  oil  per  acre.  Topkills  from 
winter  applications  were  excellent  at  both  rates,  and  ex- 
ceeded 2,4,5-T  by  8  to  1 1  percentage  points.  Results 
from  summer  treatment  were  similar  for  both  herbi- 
cides at  the  3-pound  rate,  but  triclopyr  was  more  ef- 
fective at  the  high  rate  (Appendix  B,  table  12). 

Tree  Injection 

Triclopyr  has  not  only  shown  promise  as  a  foliar 
spray,  but  has  given  high  kills  when  injected.  A  2-ml 
dose  of  undiluted  Garlon  3A  (M-3724)  applied  in  June 
with  incisions  5  inches  apart  gave  complete  topkills  of 
red  and  blackjack  oaks.  Undiluted  Tordon  101,  gly- 
phosate.  and  Velpar  at  the  same  dosage  were  also 
highly  effective  (Appendix  B.  table  3). 

In  a  follow-up  study,  a  Tml  dose  of  a  1:1  mixture  of 
undiluted  Garlon  3A  and  2,4-D  amine  (total  3.5  pounds 
active)  injected  in  May  gave  perfect  kills  of  red  oak  with 
incisions  5  inches  apart  and  95  percent  kill  of  sweet- 
gum  with  incisions  3  inches  apart.  Tordon  101R  and 
2,4-D  amine  were  about  equally  effective  in  Tml  doses 
on  red  oak,  and  less  effective  on  sweetgum,  a  species 
resistant  to  tree  injection  (Appendix  B,  table  4).  Garlon 
3A  shows  exceptional  promise  for  application  by  tree 
injection. 

Undiluted  Garlon  3A  is  included  in  a  comprehensive 
injection  study  still  underway  with  red  oak,  blackjack 
oak.  sweetgum,  and  hickory.  Doses  were,  applied  in 
July  at  1  and  2  ml  of  undiluted  material  per  incision. 
Number  of  incisions  varied  with  tree  size:  hardwoods 
3  to  5  inches  d.b.h.  have  one  incision,  trees  6  to  8 
inches  have  two  incisions,  and  trees  9  to  11  inches 
have  three  incisions.  At  the  end  of  the  first  growing 
season.  Garlon  3A  and  Tordon  101  both  gave  high 
kills  of  all  species.  Both  triclophyr  formulations  show 
enough  promise  to  merit  additional  research  by  tree 
injection  and  foliar  spraying. 

VELPAR 

Tests  have  been  conducted  with  hexazinone  (the 
trade  name  of  which  is  Velpar)  formulated  as  a  90- 
percent  ai  water-soluble  powder,  10  and  15  percent  ai 
pellets,  and  a  liquid  containing  2  pounds  ai  per  gallon. 
Only  the  powder  is  registered,  and  it  is  limited  to  spray- 
ing around  industrial  sites,  rights-of-way.  tank  farms. 


and  for  weeding  in  Christmas  tree  and  established 

conifer  plantations. 

Banding 

In  its  initial  evaluation,  the  90-percent,  water-soluble 
powder  was  compared  to  Tordon  10K,  tebuthiuron, 
and  a  1:1  mixture  of  Tordon  10K  and  tebuthiuron.  In 
May,  4-  to  10-inch  d.b.h.  post  oak  and  hickory  trees  on 
a  sandy  loam  soil  were  banded  at  rates  of  0.5  and  1.0 
gram  ai  per  inch  of  tree  diameter.  Both  rates  of  Velpar 
were  effective  on  post  oak,  but  gave  low  kills  of  hickory 
(Appendix  B,  table  8).  No  formulation  was  as  effective 
as  Velpar  on  post  oak  only  the  high  rate  of  Tordon  10K 
alone  or  the  Tordon-tebuthiuron  mixture  controlled 
hickory  satisfactorily. 

In  a  banding  study  on  a  sandy  loam  soil,  Velpar  ap- 
plied in  May  at  1  gram  active  per  inch  of  trunk  diam- 
eter gave  excellent  results  with  blackjack  oak  but 
marginal  results  with  red  oak.  Tebuthiuron  and  broma- 
cil  in  the  same  study  were  as  effective  as  Velpar  on 
blackjack  oak  but  unsatisfactory  on  red  oak.  Low  kills 
overall  were  attributed  to  late  applications. 

Velpar  appears  to  be  an  excellent  herbicide  for  band- 
ing hardwoods.  Ten -percent  pellets  are  available  for 
trials,  and  studies  should  be  conducted  using  rates 
higher  than  1  gram  per  inch  of  diameter. 
Broadcasting 

Broadcasting  Velpar  pellets  has  also  given  encour- 
aging results.  In  a  comparison  of  10  percent  pellets  of 
Velpar,  tebuthiuron,  and  Tordon  10K  applied  in  April 
on  an  upland  site  at  4  and  8  pounds  ai  per  acre, 
tebuthiuron  was  most  effective  at  both  rates  and  Velpar 
ranked  second  (Appendix  B,  table  7).  Both  herbicides 
controlled  hardwoods  satisfactorily,  while  Tordon  10K 
gave  marginal  kills. 

Additional  studies  of  soil-applied  Velpar  are  needed 
on  upland  and  bottomland  sites  to  determine  optimum 
rates  and  the  minimum  interval  that  must  elapse  be- 
tween application  and  planting.  Currently  available 
data  indicate  Velpar  does  not  persist  in  the  soil  long 
enough  to  affect  planting  survival  when  used  for  site 
preparation.  Moreover,  it  controls  herbaceous  vege- 
tation as  well  as  woody  plants. 
Tree  Injection 

Velpar  was  evaluated  for  tree  injection  as  the  90- 
percent  powder  before  the  liquid  formulation  became 
available.  Four  pounds  (active)  per  gallon  were  mixed 
in  water  and  injected  in  May  at  1  ml  in  incisions  7 
inches  apart.  Study  trees  were  sweetgum,  blackjack 
oak,  and  hickory,  5  to  9  inches  d.b.h.  Topkills  were 
excellent  with  oak,  intermediate  with  sweetgum,  and 
very  low  with  hickory.  Undiluted  Tordon  101  and  gly- 
phosate  (MON  0139)  were  more  effective  than  Velpar, 
especially  on  hickory  (Appendix  B,  table  2).  Spacing  of 


incisions  was  wide,  however,  a  severe  test  that  probably 
contributed  to  the  relatively  low  kills  from  all  herbicides. 

When  the  liquid  formulation  of  Velpar  (DPX-3674-L) 
became  available  it  was  compared  with  five  other  herbi- 
cides applied  in  June  on  red  and  blackjack  oaks,  5  to 
7  inches  d.b.h.  (Appendix  B,  table  3).  All  formulations 
effected  high  kills,  except  tebuthiuron,  which  was  in 
wettable  powder  form. 

A  1:1  mixture  of  Velpar  and  2,4-D  amine  outper- 
formed 2,4-D  alone  and  Tordon  101R  on  sweetgum 
and  did  as  well  on  red  oak  (Appendix  B,  table  4). 
Several  other  herbicide  mixtures  in  the  study  gave 
kills  of  red  oak  in  excess  of  90  percent.  On  sweetgum, 
a  resistant  species,  glyphosate  (MON  0139),  Velpar, 
tebuthiuron,  and  triclopyr  (Garlon  3A)  each  mixed  1:1 
by  volume  with  2,4-D  amine  gave  satisfactory  kills. 

Liquid  Velpar  is  an  excellent  candidate  for  tree  in- 
jection. Its  major  drawback  is  ineffectiveness  on  hick- 
ory. Studies  are  underway  to  determine  optimum 
dosages  and  incision  spacing  for  upland  and  bottom- 
land species. 

Evaluations  of  Velpar  for  foliar  spraying  are  not  com- 
pleted because  the  liquid  formulation  for  such  studies 
only  became  available  during  the  last  year.  However, 
we  intend  to  give  high  priority  to  foliar-spray  studies. 

DISCUSSION 

Herbicides  play  a  key  role  in  managing  pines  and 
hardwoods  in  the  South.  As  mechanical  site  prepara- 
tion declines  and  more  owners  of  small  tracts  intensify 
management  practices,  herbicides  will  probably  grow  in 
importance.  The  time  is  critical.  Herbicides  and  other 
pesticides  are  under  careful  scrutiny  for  their  impact 
on  the  environment  and  all  of  its  living  organisms. 

The  cost  of  developing,  testing,  and  registering  a 
new  herbicide  cannot  be  justified  by  forestry  use  alone. 
Ordinarily,  most  new  formulations  tested  in  our  re- 
search have  large  anticipated  or  actual  agricultural  or 
other  nonforestry  uses.  This  means  the  basic  toxologi- 
cal  evaluations  are  completed,  so  registration  for  for- 
estry is  relatively  easy  after  data  on  efficacy  are 
obtained,  provided  there  are  no  unique  environmental 
problems  and  the  manufacturer  judges  forestry  use 
will  be  profitable. 

Forest  managers  are  now  in  a  fairly  good  position 
regarding  tree  injection  and  site  preparation.  Substitute 
herbicides  are  avjilable  in  the  event  one  is  withdrawn 
from  the  market.  A  substitute  for  2,4,5-T  or  Silvex  for 
pine  release  is  needed,  but  there  are  new  herbicides 
being  tested  that  seem  likely  to  be  adequate. 

Certainly  new  herbicides  will  be  more  costly  than 
the  phenoxy  compounds  in  wide  use  today.  This 
should  not  be  an  obstacle  to  conducting  research.  We 


can  often  expect  greater  efficiency  for  the  higher  price, 
and  nonchemical  alternatives  to  phenoxy  herbicides 
are  also  very  expensive. 

2,4,5-T  and  Silvex?  both  primarily  used  as  foliar 
sprays,  are  being  examined  by  environmental  officials. 
If  they  are  banned,  Tordon  101  may  be  used  for  site 
preparation;  it  is  too  toxic  to  pines  for  release  applica- 
tion. Garlon  3A,  triclopyr  (M-4021),  glyphosate,  and 
possibly  Velpar  will  be  suitable  for  foliar  spray  once 
they  are  registered.  Tests  of  these  herbicides  should 
be  intensified  to  support  any  applications  the  manu- 
facturers may  submit. 

•  2,4-D,  like  2.4,5-T  and  Silvex,  is  a  phenoxy  herbicide, 
but  it  has  not  been  suspected  of  containing  a  danger- 
ous contaminant.  A  few  years  ago,  it  was  the  primary 
herbicide  for  tree  injection.  Recently,  however,  many 
landowners  switched  to  Tordon  101  and  Tordon  101R, 
both  highly  effective  on  a  broad  array  of  species,  in- 
cluding those  resistant  to  2.4-D.  Krenite,  Velpar.  gly- 
phosate. and  Garlon  3A  also  seem  to  be  good  candi- 
dates for  tree  injection,  and  will  be  given  priority  in 
future  studies. 


'Silvex  is  currently  registered  for  use  in  forests  for  control  of  woody, 
herbaceous  and  aquatic  plants.  It  is  also  registered  for  use  on  indus- 
trial sites,  rights-of-way.  in  ponds,  farmyards,  pastures,  rangeland. 
and  in  rice  and  sugar  cane. 


Soil  herbicides  are  not  used  extensively  in  southern 
forestry  because  most  products  are  expensive  and  their 
effectiveness  is  closely  related  to  soil  properties.  More- 
over, they  must  be  applied  in  early  spring  when  rain- 
fall is  high  and  trees  are  growing  actively.  Tordon  10K 
is  effective  on  many  hardwood  species  (excluding 
oaks)  and  dissipates  fast  enough  for  use  in  site  prep- 
aration. Many  of  the  other  soil  herbicides  tested  have 
persistence  problems.  Velpar  is  an  exception;  prelim- 
inary data  indicate  pines  can  be  planted  in  the  first 
winter  after  its  application.  It  has  an  added  advantage 
in  that  it  kills  many  herbaceous  plants  that  compete 
with  pines  in  the  first  few  years. 

Applying  soil  herbicides  in  bands  around  individual 
trees  shows  promise,  theoretically.  Our  tests  have  prob- 
ably been  too  conservative;  higher  rates  of  application 
are  needed  for  greater  consistency. 

Mixtures  of  herbicides  to  control  a  broader  array  of 
unwanted  trees  is  an  important  approach  to  the  hard- 
wood problem  that  cannot  be  overlooked.  Testing  mix- 
tures must  be  given  high  priority,  even  though  it  greatly 
expands  the  research  workload,  because  early  results 
have  shown  great  potential  benefits. 

The  prospect  for  more  effective  herbicides  is  good. 
Development  of  new  formulations  should  be  acceler- 
ated and  registration  should  be  coordinated  more 
closely  among  manufacturers,  researchers,  and  users. 


APPENDIX  A 


Manufacturers  Furnishing  Mentioned  Herbicides 


Glyphosate 

Hyvar  X  (Bromacil) 

Krenite 

Tebuthiuron 

Tordon  101 

Tordon  101R 

Tordon  10K 

Tordon  5K 

Tordon  155 

Triclopyr  or  Garlon  3A  Herbicide 

2,4-D  and  2,4,5-T 

Velpar 


Monsanto  Company 

E.  I.  DuPont  DeNemours  &  Co. 

E.  I.  DuPont  DeNemours  &  Co. 

Elanco  Products  Company 

Dow  Chemical  Company 

Dow  Chemical  Company 

Dow  Chemical  Company 

Dow  Chemical  Company 

Dow  Chemical  Company 

Dow  Chemical  Company 

Experimental  samples  obtained 
from  a  number  of  companies 

E.  I.  DuPont  DeNemours  &  Co. 
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APPENDIX  B 


Tables 

Table  l.  —  Topkill  of  blackjack  oak  and  sweetgum  when  injected  with  2  ml  of  undiluted  Tordon  101  and 
glyphosate  in  two  seasons 


Herbicide 

Active  material 

Incisions 

Tree 

Blackjack  oak 

Sweetc 

um 

per  gallon 

per  tree 

size 

Winter 

Spring 

Winter 

Spring 

Pounds 

Number 

D.b.h. 

Percent 

Tordon  101 

2.54 

1 

3.5-5.0 

41 

40 

87 

35 

2 

3.5-5.0 

64 

85 

98 

90 

1 

6.0-7.5 

12 

34 

47 

25 

2 

6.0-7.5 

31 

57 

73 

42 

Glyphosate 

4.0 

1 

3.5-5.0 

55 

92 

100 

100 

(MON  0139) 

2 

3.5-5.0 

89 

99 

100 

100 

1 

6.0-7.5 

45 

61 

94 

98 

2 

6.0-7.5 

69 

94 

97 

100 

Table  2.  —  Topkill  of  three  common  hardwoods  when  injected  in 
May  with  1  ml  of  undiluted  herbicide  in  incisions  7  inches 
apart 


Active 
Herbicide        material 
per  gallon 


Species 


c  Blackjack         m.  , 

Sweetgum  '  Hickory 


Pounds 

Tordon  101 

2.54 

Glyphosate 
(MON  0139) 

4.0 

Velpar 


4.0 


100 
73 


Percent 

79  97  76 


99 

97 


63 
6 


1  1  mix  of 

Tordon  101 

and 

glyphosate       1.27  +  2.0 


100 


98 


82 


11 


Table  3.  —  Topkill  of  two  oak  species  5  to  7  inches  d.b.h.  injected  undiluted  at  5-inch  intervals  in  June 


Herbicide 


Active  material 
per  gallon 


Dose  per 
incision 


Red  oak 


Topkill 


Blackjack  oak 


Pounds 


Ml 


Percent- 


Tordon  101 

Glyphosate  (MON  0139) 

Krenite 

Velpar  (DPX-3674-L) 

Triclopyr  (Garlon  3A) 

Tebuthiuron  (80%  WP) 


2.54 
4.0 

4.0 
2.0 
3.0 
3.0 


100 

100 

89 

100 

99 

86 


98 
98 
99 
99 
100 
90 


Table  4.  —  Topkill  of  red  oak  and  sweetgum  4  to  12  inches  d.b.h.  injected  with  1  ml  per  incision  in  May  with 
several  herbicides  and  mixtures 


Species  and 
herbicide 


Active  material 
per  gallon 


Spacing  of 
incisions 


Topkill 


Pounds 


Inches 


Percent 


Red  oak 

2,4-D  amine 

Tordon  101 R 

1:1  mix  of  triclopyr  (Garlon  3A)  and  2,4-D  amine 

11  mix  of  Velpar  DPX-3674-L  and  2,4  D  amine 

1:1  mix  of  tebuthiuron  and  2,4-D  amine 

1:1  mix  of  glyphosate  (M-0139)  and  2.4-D  amine 

Sweetgum 

2,4-D  amine 

Tordon  101 R 

1:1  mix  of  triclopyr  (Garlon  3A)  and  2,4-D  amine 

1 : 1  mix  of  Velpar  DPX-3674-L  and  and  2,4-D  amine 

1:1  mix  of  tebuthiuron  and  2,4-D  amine 

1:1  mix  of  glyphosate  (M-0139)  and  2,4-D  amine 


4.0 

5 

99 

1.37 

5 

92 

1.5  +  2.0 

5 

100 

1.0  +  2.0 

5 

100 

1.5+2.0 

5 

97 

2.0  +  2.0 

5 

100 

4.0 

3 

67 

1.37 

3 

51 

1.5  +  2.0 

3 

95 

1.0  +  2.0 

3 

89 

1.5+2.0 

3 

94 

2.0  +  2.0 

3 

91 

Table  5.  —  Topkill  of  small  hardwoods  by  foliar  spraying  nine  herbi- 
cides and  mixtures  applied  in  water  at  20  gallons  per  acre 
in  May 


Herbicide 

Active  material 

Average 

per  acre 

topkill 

Pounds 

Percent 

2,4,5-T  ester 

2.0 

76 

Triclopyr  M-4021 

2.0 

79 

Tordon  101 

2.54 

75 

Tordon  101 R 

2.74 

65 

Glyphosate  (0139) 

2.0 

73 

11  mix  of  2,4,5-T  ester  + 

triclopyr  (M-4021) 

1.0+1.0 

75 

1:1  mix  of  2,4,5-T  ester  + 

Tordon  10 1R 

1.0+1.37 

78 

1:1  mix  of  2,4,5-T  ester  + 

glyphosate  (0139) 

1.0+1.0 

62 

1:1  rrlx  of  triclopyr  (M-4021)  + 

Tordon  101 

1.0  +  1.27 

78 
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Table  6  .  —  Comparison  of  pelleted  tebuthiuron  and  bromacil  when  broadcast  in  April  at  three  rates  on  an 
upland  site 


Topkill 


Herbicide  and  rates' 


Tebuthiuron 

4  pounds 

8  pounds 

12  pounds 

Bromacil 

4  pounds 

8  pounds 

12  pounds 


Post 
oak 

Blackjack 
oak 

Sumac 

99 

81 

98 

- 

98 

100 

100 

100 

100 

99 

76 

36 

96 

75 

50 

100 

100 

43 

Tree  _  All 

,  ,  ,  Uoqwood 

sparkleberry  species 


Percent- ■ 


100 


10 

6 
9 


100 
100 
100 


100 
100 

100 


Herbicide 


Topkill 


4  pounds         8  pounds 


Tebuthiuron 
Tordon  10K 
Velpar 


Percent 

91  96 

70  78 

83  92 


'All  pellets  contained   10  percent  active  material:  rates  are  active 
material  per  acre. 

Table  8.  —  Topkill  of  post  oak  and  hickory  when  four  soil  herbicides 
were  applied  in  bands  in  May 


Active 

Rate  per 

Topkill 

Herbicide 

material 
oer  pound 

inch 

ofd.b.h.1 

Post  oak        Hickory 

Percent 

Grams 

Tordon  10K- 

10%  pellets 

10 

0.5 

27 

79 

1.0 

30 

90 

Tebuthiuron  — 

10%  pellets 

10 

0.5 

45 

15 

1.0 

97 

35 

Tebuthiuron  — 

40%  pellets 

40 

0.5 

66 

30 

1.0 

93 

50 

Velpar  — 

90%  powder 

90 

0.5 

91 

12 

1.0 

100 

42 

1 : 1  mix  of  Tordon 

10K  and  10% 

tebuthiuron 

pellets 

10 

0.5 

11 

33 

1.0 

11 

87 

91 
98 
99 


SI 
63 
77 


'Pellets  contained  10  percent  active  material;  rates  based  on  active  material  per  acre. 


Table  7.  —  Topkill  of  mixed  hardwoods  by  broadcasting  Tordon  10K. 
tebuthiuron.  and  Velpar  pellets1  on  an  upland  soil  at  two 
rates  in  April 


'Active  material. 
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Table  9.  —  Selected  comparisons  of  undiluted  2.4-D  amine  and  Tordon  101  for  controlling  hardwoods  5  to  9 
inches  d.b.h.  by  tree  injection 


Herbicide 


Concen- 
tration 
(a.e./gal.! 


Dosage/ 


Spacing 
of 


Season 
applied 


Topkii: 


Oak         Sweetgum         Hickory 


2.4-D  amine 


Tordon  101 


2,4-D  amine 
Tordon  101 

2.4-D  amine 
Tordon  101 

2,4-D  amine 


Tordon  101 


2,4-D  amine 


Tordon  101 


Lb. 
4.0 

2.54 


4.0 
2.54 

4.0 
2.54 

4.0 


2.54 


4.0 


2.54 


Ml. 

1 
2 
1 
2 

1 
2 
1 
2 


Inche 

5 
5 

7 

7 

5 
5 

7 
7 


Winter 

83 

Winter 

90 

Winter 

66 

Winter 

88 

Winter 

100 

Winter 

98 

Winter 

99 

Winter 

100 

Winter 


54 


1 

7 

Winter 

97 

1 

9 

Winter 

95 

0.5 

7 

Spring 

74 

0.5 

7 

Spring 

92 

2 

Two 
incisions 

Summer 

99 

4 

One 
incision 

Summer 

74 

2 

Two 
incisions 

Summer 

100 

4 

One 
incision 

Summer 

88 

1 

Two 
incisions 

Summer 

70 

1 

Two 
incisions 

Summer 

100 

Percent- 


46 

100 
90 

38 

81 


11 


42 
33 
18 
51 

92 
100 
100 

96 

0 

94 
97 


42 


54 
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Table  10.  —  Topkill  of  three  common  upland  hardwoods  injected  with  1  ml  of  undiluted  2  AD  amine.  Tor- 
don  101.  and  diluted  Tordon  155  in  May  and  December 


Season  and 
herbicide 


Active  material 
per  gallon 


Incisions         Post  oak 


Blackjack 
oak 


Hickory 


May  injection 

2,4-D  amine1 


Tordon  101 


Tordon  1552 


December  injection 

2.4-D  amine1 


Tordon  101 


Tordon  1552 


Lb. 


3.0 


2.54 


2.5 


3.0 


2.54 


2.5 


Number 


28 

37 

21 

49 

44 

45 

28 

45 

35 

76 

82 

70 

23 

16 

71 

75 

57 

76 

11 

31 

18 

45 

49 

34 

78 

64 

66 

87 

93 

97 

10 

24 

61 

26 

66 

90 

■Oil-soluble  formulation  that  has  been  as  effective  as  water-soluble  2,4-D  amine  with  4  pounds  (ae)  per 

gallon. 

Tordon  155  diluted  1:1  with  oil  to  reduce  active  ingredient  per  gallon. 


Table  11.  — Topkill  of  six  prevalent  brush  species  when  sprayed  in  May  with  2 A. 5 -T  ester.  Tordon  155,  and  a 
mixture  similar  to  Tordon  155  with  10  gallons  of  oil  per  acre 


Herbicide 

Rate  per 
acre  (ae) 

Blackjack 
oak 

Sweet- 
gum 

Black- 
gum 

Huckle- 
berry 

Dog 
wood 

Red 

maple 

Avg. 

Pounds 

-  Percent 

2,4,5-T  ester 

4.0 

50 

97 

93 

55 

91 

60 

74 

Tordon  155 

2.5 

48 

99 

93 

45 

67 

78 

72 

Formulation 

similar  to 

4.75 

76 

100 

99 

74 

90 

76 

86 

Tordon  155 
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Table  12.  —  Topkill  of  mixed  hardwood  brush  with  three  herbicides 
applied  at  two  rates  in  winter  and  summer  using  30  gal- 
lons of  oil  per  acre 


Season  and  herbicide 


Active  material 
per  acre 


Topkill 


Pounds 


Percent 


January 

2,4,5-T  ester 


Triclopyr(M-4021) 


Tordon  155 


June 

2,4,5-T  ester 


Triclopyr(M-4021) 


Tordon  155 


3.0 

84 

6.0 

85 

3.0 

92 

6.0 

96 

3.0 

79 

6.0 

91 

3.0 

87 

6.0 

87 

3.0 

85 

6.0 

98 

3.0 

83 

6.0 

94 

Table  13.  —  Topkill  of  mixed,  small  hardwoods  by  broadcasting  pel- 
lets of  Tordon  10K,  tebuthiuron.  and  an  equal  mixture  of 
the  two  at  three  rates  on  an  upland  soil 


Herbicides 


Active 
ingredient 


Pounds  (ai)  per  acre 
6  8  10 


Tordon  10K 

10 

86 

95 

92 

Tebuthiuron 

10 

66 

91 

89 

1:1  mix  of  Tordon  10K 

and  tebuthiuron 

10 

83 

94 

94 
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APPENDIX  D 


Common  and  Scientific  Names  of  Listed  Species 


Common  name         Scientific  name 


Blackgum 

Blackjack  oak 

Dogwood 

Green  ash 

Hickory 

Huckleberry 

Ironwood 

Pecan 

Post  oak 

Red  maple 

Red  oak 

Sumac 

Swamp  privet 

Sweetbay 

Sweetgum 

Sycamore 

Tree  sparkleberry 


Nyssa  syhatica  Marsh. 

Quercus  marilandica  Muenchh. 

Cornus  florida  L. 

Fraxinus  pennsyluanica  Marsh. 

Carya  sp. 

Voccinium  sp. 

Ostry  uirginiana  (Mill.)  K.  Koch 

Carya  illinoensis  (Wangenh.)  K.  Koch 

Quercus  stellata  Wangenh. 

Acer  rubrum  L. 

Quercus  falcata 

Rhus  sp. 

Ligustrum  sp. 

Magnolia  uirginiana  L. 

Liquidambar  styraciflua  L. 

Platanus  occidentalis  L. 

Vaccinium  arboreum  Marsh. 
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SUMMARY 

The  larvae  of  Sesiidae  bore  in  trunks,  bark,  stems,  or  roots  of  forest  trees, 
shade  and  ornamental  trees,  fruit  trees,  vines,  and  other  crops.  Often  they  do 
considerable  damage.  Over  the  years  much  has  been  published  on  the  clear- 
wing  borers;  this  bibliography  attempts  to  cover  the  major  works.  The  compila- 
tion is  in  alphabetical  order  by  author  and  indexed  to  species  to  aid  those 
interested  in  the  literature  concerning  particular  species. 
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Selected  Bibliography  of  the  Clearwing  Borers  (Sesiidae) 
of  the  United  States  and  Canada 


J.  D.  SOLOMON  AND  M.  E.  DIX 


Members  of  the  family  Sesiidae  are  generally  re- 
ferred to  as  clearwing  borers  because  most  bear  a 
striking  resemblance  to  bees  and  wasps  and  because 
the  larvae  bore  in  trunks,  bark,  stems,  or  roots  of  trees, 
shrubs,  vines,  and  other  plants. 

Many  species,  because  of  the  extensive  damage 
they  do  by  mining  and  tunneling,  are  important  pests. 
Species  in  the  genera Paranthrene  Hubner,  Podosesia 
Moschler,  Synanthedon  Hubner,  and  Sesia  Fab.  are 
particularly  known  for  causing  defects  and  degrade  in 
timber  species,  mortality  in  shelterbelt  and  ornamental 
plantings,  and  cull  in  nurseries.  If  not  controlled, 
Synanthedon  exitiosa  (Say)  andS.  pictipes  (G.  &  R. ) 
can  destroy  entire  orchards  of  fruit  trees.  Several 
species  in  the  genera  Vitacea  Engelhardt,  Melittia 
Hubner,  and  Pennsetia  Dehne  cause  serious  losses  to 
various  crops. 

Over  the  years,  considerable  material  has  been 
printed  on  the  clearwing  borers.  Holloway,  Childers, 
and  Gentry  (311)  recently  published  a  bibliography 
on  Synanthedon  pictipes  and  S.  exitiosa  containing 
163  references.  Duckworth  and  Eichlin  (193)  included 
numerous  references  in  their  recent  paper  on  classifi- 
cation. 

The  selective  compilation  presented  here  is  an  out- 
growth of  research  on  the  Podosesia  borers  in  ash  and 
Paranthrene  borers  in  oaks  and  Cottonwood.  We 
made  an  attempt  to  include  the  major  papers  on 


Sesiidae,  but  some  undoubtedly  were  missed.  Al- 
though numerous  short  papers  and  notes  were  in- 
cluded, many  were  intentionally  omitted. 

The  initial  sources  of  references  were  our  files  and 
the  various  entomological,  forestry,  and  agricultural 
periodicals.  Other  important  sources  were  Biological 
Abstracts,  Forestry  Abstracts,  Review  of  Applied  En- 
tomology, and  the  National  Agricultural  Library's  ref- 
erence service. 

The  bibliography  is  in  alphabetical  order  by  authors. 
An  index  to  species  and  their  synonyms  is  provided  to 
aid  those  interested  in  pursuing  the  literature  on  par- 
ticular species.  The  scientific  names  and  the  generic 
and  specific  combinations  given  with  the  citations  are 
as  they  were  presented  in  the  particular  reference. 
Refer  to  the  species  index  for  the  current  usage.  The 
currently  recognized  valid  species  as  presented  by 
Duckworth  and  Eichlin  (193)  were  used  except  that  a 
new  species  later  described  by  Purrington  and  Nielson 
(452)  and  one  described  by  Duckworth  and  Eichlin 
(194)  are  included. 

This  bibliography  is  intended  for  use  by  en- 
tomologists, foresters,  horticulturists,  pest  control 
operators,  and  others  who  wish  to  refer  to  the  litera- 
ture on  the  clearwing  borers  in  the  family  Sesiidae. 

Anyone  beginning  a  study  of  the  Sesiidae  should 
see  the  papers  by  Beutenmuller,  Duckworth  and 
Eichlin,  Edwards,  Engelhardt,  MacKay,  and  Riley. 


J.  D.  Solomon  is  Research  Entomologist,  Forest  Service  —  USDA,  Southern  Forest  Experiment  Station,  Stoneville,  Miss. 
M.  E.  Dix  is  Research  Entomologist,  Forest  Service  —  USDA,  Rocky  Mountain  Forest  and  Range  Experiment  Station, 
Bottineau,  North  Dakota. 
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INDEX  OF  SPECIES 

Albuna  Jraxini  (Hy.  Edwards)  [morrisoni  (Hy.  Edwards),  fraxini 

vitriosa  Engelhardt]  55,  69,  191,  193,  226 
Albuna  pyramidalis  (Walker)  [hylotomiformis  (Walker), 
nomadaepennis  (Boisduval),  rubescens  (Hulst),  montana 
Hy.  Edwards,  tanaceti  Hy.  Edwards,  vancouverensis  Hy. 
Edwards,  coloradensis  Hy.  Edwards,  torva  Hy.  Edwards, 
beutenmuelleri  Skinner]  55,  57, 58,  69, 191, 193, 207, 214, 
218,  222,  226,  237,  317,  357,  374,  520,  607,  637 
Alcathoe  carolinensis  Engelhardt  [autumnalis  Engelhardt]  69,  96, 

191,  193,  221,  226 
Alcathoe caudata  (Harris)  [caudatum  walkeri  Neumoegen,  caudata 
annettella  Engelhardt]  67,  69,  191,  193,  215,  221,  226, 
233,  237,  320,  342,  357,  374,  427,  471,  545 
Alcathoe  pepsioides  Engelhardt  [pepsioides  atra  Engelhardt,  pep- 

sioides  ferrugata  Engelhardt]  191,  193,  221,  226,  374 
Alcathoe  verrugo  (Druce)  [uerrugo  corvinus  Engelhardt]  191,  193, 

226 
Calasesia  coccinea  (Beutenmuller)  61,  69,  191,  193,  226 
Carmenta  albociliata  (Engelhardt)  191,  193,  219,  220,  226 
Carmenta  anthracipennis  (Boisduval)  [sanbomi  Hy.   Edwards, 
morula  (Hy.  Edwards)]  55,  69,  191,  193,  215,  222,  224, 
226,  237,  374,  385 
Carmenta  apache  Engelhardt  191,  193,  226 
Carmenta  arizonae  (Beutenmuller)  69,  191,  193,  226 
Carmenta  auritincta  (Engelhardt)  191,  193,  219,  220,  226 
Carmenta  bassiformis  (Walker)  [lustrans  (Grote),  aureopurpura 
(Hy.  Edwards),  bolli  (Hy.  Edwards),  sexfasciata  (Hy.  Ed- 
wards), consimilis  (Hy.  Edwards),  eupatorii  (Hy.  Edwards), 
imitata  (Hy.  Edwards)]  54,  55,  56,  60,  69,  191,  193,  226, 
237,  272,  310,  342,  357,  374,  419,  627 
Carmenta  corni  (Hy.  Edwards)  [infirma  (Hy.  Edwards)]  54,  191, 

193,  226,  374 
Carmenta  engelhardti  Duckworth  and  Eichlin  190,  193 
Carmenta  giliae  (Hy.  Edwards)  [uitrina  (Neumoegen),  deceptwa 
(Beutenmuller)  giliae  woodgatei  Engelhardt]  55,  69,  191, 
193,  226,  374,  410 
Carmenta  ithacae  (Beutenmuller)  69,  191,  193,  226,  237,  357, 

374 
Carmenta  mariona  (Beutenmuller)  66,  69,  191,  193,  226 
Carmenta  mimuli  (Hy.  Edwards)  [torrancia  Engelhardt]  69, 

191,193,  226 
Carmenta  odda  Duckworth  and  Eichlin  193,  195 
Carmenta  ogalala  Engelhardt  191,  193,  226 
Carmenta  phoradendri  Engelhardt  191,  193,  226,  374 
Carmenta  prosopis  (Hy.  Edwards)  55,  59,  67,  69,  191,  193,  209, 

214,  215,  223,  226 
Carmenta  pyralidiformis  (Walker)  [nigella  (Hulst),  pyralidiformis 
aurantis  Engelhardt]  55,  69,  191,  193,  226,  237,  316,  342, 
357,  374 


Carmenta  querci  (Hy.  Edwards)  [comes  (Heinrich)]  59,  67,  69, 

191,  193,  209,  214,  226,  300,  374 
Carmenta  rubricincta  (Beutenmuller)  71,  191,  193,  226 
Carmenta  subaerea  (Hy.  Edwards)  69,  191,  193,  211,  214,  226 
Carmenta  suffusata  Engelhardt  193,  226 
Carmenta  tecta  (Hy.  Edwards)  69,  191,  193,  226 
Carmenta  texana  (Hy.  Edwards)  [wittfeldii  (Hy.  Edwards)]  55,  69, 

191,  193,  211,  214,  222,  226,  374 
Carmenta  verecunda  (Hy.  Edwards)  [nigra  Beutenmuller,  floris- 
santella  (Cockerell),  hirsuta  (Engelhardt)]  55,  69,  148,  191, 
193,  226 
Carmenta  welchelorum  Duckworth  and  Eichlin  194 
Carmenta  wellerae  Duckworth  and  Eichlin  192,  193 
Cissuvora  ampelopsis  Engelhardt  191,  193,  226,  374 
Euhagena  emphytiformis  (Walker)  [solituda  (Hy.  Edwards)]  55,  69, 

121,  191,  193,  218,  226 
Euhagena  nebraskae  Hy.  Edwards  [coloradensis  (Beutenmuller), 
nebraskae  mormoni  Engelhardt,  nebraskae  interna  En- 
gelhardt] 69,  191,  193,  226 
Hymenoclea  palmii  (Beutenmuller)  70,  191,  193,  226 
Melittia  calabaza  Duckworth  and  Eichlin  193,  217 
Melittia  gloriosa  Hy.   Edwards  [superba  Barnes  and  Lindsey, 
lindseyi  Barnes  and  Benjamin,  barnesi  Dalla  Torre]  39,  40, 
55,  64,  191,  193,  217,  218,  226,  374,  592,  606,  607 
Melittia  grandis  (Strecker)  [beckeri  Druce,  grandis  hermosa  En- 
gelhardt] 64,  191,  193,  217,  226,  597 
Melittia  magnifica  Beutenmuller  64,  191,  193,  217,  226 
Melittia   satyriniformis    Hubner   [cucurbitae    (Harris),   ceto 
(Westwood),  amoea  Hy.  Edwards]  8,  9,  14,  64,  74,  98, 107, 
113,  145,  175,  191,  193,  217,  226,  238,  283,  288,  304, 
407,  314,  315,  316,  347,  356,  374,  378,  391,  392,  393, 
401,  460,  485,  491,  507,  549,  556,  600,  608,  633,  634 
Melittia  snowii  Hy.  Edwards  55,  64,  191,  193,  217,  226,  374,  592 
Osminia  ruficomis  (Hy.  Edwards)  [minuta  (Hy.  Edwards),  candes- 
cens  (Hy.  Edwards),  marcia  (Druce)]  96, 191, 193,  208, 226 
Palmia  praecedens  (Hy.  Edwards)  110,  193,  210,  226 
Paranthrene  asilipennis  (Boisduval)  [denudatum  (Harris),  ues- 
pipenne   (Herrich-Schaffer),  bombyciformis   (Walker), 
championi  (Druce)]  54,  56,  62,  67,  69,  96,  179,  191,  193, 
210,  214,  222,  226,  237,  357,  366,  374,  385,  402 
Paranthrene  dollii  (Neumoegen)  [dollii  castaneum  (Beutenmuller), 
dollii  fasciventris  Engelhardt]  1,  2,  3,  35,  58,  59,  60,  67,  69, 
158,  179,  191,  193,  226,  236,  237,  357,  374,  397,  398, 
399,  402,  411,  412,  582,  584,  585,  586,  588 
Paranthrene  fenestrata  Barnes  and  Lindsey  40,  191,  193,  226 
Paranthrene  robiniae  (Hy.  Edwards)  [perlucida  (Busck),  robiniae 
palescens  Engelhardt]  55, 58, 59, 60,  67, 69, 120, 129, 179, 
191,  193,  223,  226,  229,  335,  374,  404,  428,  468,  469, 
606,  607,  637 
Paranthrene  simulans  (Grote)  [palmii  (Hy.  Edwards),  luggeri  (Hy. 
Edwards)]  35,  55,  57,  58,  59,  60,  67,  69, 96, 179, 191, 193, 
213,  214,  216,  226,  237,  273,  297,  310,  327,  357,  365, 
366,  374,  410,  414,  416,  419,  582,  584,  587,  588 
Paranthrene  tabaniformis  (Rottemburg)  [asiliformis  (Denis  & 
Schiffermuller),  tricincta  (Harris),  serratiformis  (Freyer),  de- 
notata (Hy.  Edwards),  tricincta  oslari  Engelhardt]  1,  22,  35, 
55,  56,  58,  59,  60,  67,  69,  158,  166,  179,  191,  193,  210, 
215,  226,  236,  237,  247,  290,  310,  337,  338,  340,  342, 
343,  357,  374,  396,  399,  412,  428,  459,  545,  582,  584, 
585,  588 
Pennisetia     marginata     (Harris)     [pleciaeformis     (Walker), 
odyneripennis  (Walker),  rubi  (Riley),  flauipes  (Hulst),  mar- 
ginata albicoma  (Hulst)]  8,  9,  10,  15,  42,  54,  55,  56,  58,  59, 
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60,  67,  69, 95,  98,  108,  121,  127, 176, 191, 193,  207,  210, 
214,  226,  229,  237,  240,  244,  254,  283,  290,  298,  310, 
317,  319,  321,  339,  342,  357,  360,  363,  374,  378,  385, 
396,  402,  455,  456,  457,  466,  486,  491,  494,  506,  545, 
546,  547,  604,  606,  607,  608,  617,  623,  657 
Penstemonia  clarkei  Engelhardt  191,  193,  226 
Penstemonia  dammersi  Engelhardt  [brevifolia  Engelhardt]  191, 

193,  226,  374 
Penstemonia  edwardsii  (Beutenmuller)  [utahensis  (Beutenmuller)] 

71,  191,  193,  224,  226,  374 
Penstemonia  hennei  Engelhardt  191,  193,  226 
Podosesia  aureocincta  Purrington  and  Nielsen  452 
Podosesia  syringae  (Harris)  [longipes  (Moschler),  fraxini  (Lugger)] 
5,  7,  26, 35, 43, 54,  57,  58,  59,  60,  67,  69, 94, 96, 177, 179, 
191,  193,  207,  215,  216,  226,  229,  236,  237,  240,  241, 
244,  252,  268,  278,  279,  280,  290,  310,  318,  327,  340, 

341,  342,  357,  367,  370,  373,  374,  375,  385,  390,  396, 
402,  405,  406,  412,  413,  414,  415,  416,  417,  418,  419, 
421,  422,  423,  424,  425,  426,  428,  441,  444,  452,  473, 
481,  511,  513,  514,  545,  582,  583,  584,  590,  591,  595, 
596,  598,  604,  608,  613,  625,  630 

Sannina  uroceriformis  Walker  [quinquecaudata  (Ridings), 
uroceripennis  Boisduval]  7,  35,  43,  56,  59,  67,  69,  96, 191, 
193,  203,  210,  214,  226,  237,  303,  310,  357,  374,  427, 
462,  467,  472,  474,  584 

Sesia  apiformis  (Clerck)  [crabroniformis  Denis  and  Schiffermuller] 
7,  35,  54,  58,  59,  60,  63,  67,  69,  158,  179,  191,  193,  215, 
225,  226,  229,  237,  310,  327,  335,  357,  374,  507,  545 

Sesia  tibia/is  (Harris)  [flauitibia  (Walker),  pacificum  (Hy.  Edwards), 
califomicum  (Neumoegen),  minimum  (Neumoegen),  tibialis 
dyari  (Cockerell),  tibialis  anonyma  (Strand),  tibialis 
melanoformis  Engelhardt]  35.  57,  58,  59,  60,  63,  67,  69, 
129,  148,  158,  179,  191,  193,  225,  226,  229,  237,  290, 
335,  357,  360,  374,  410,  428,  596,  606,  607 

Synanthedon  acemi  (Clemens)  [acericolum  (Germadius),  tepperi 
(Hy.  Edwards),  acemi  buscki  (Engelhardt)]  7,  35,  43,  49, 
54,  58,  59,  60,  67,  69,  93,  94,  96,  97,  108,  109,  129,  144, 
172,  179,  191,  193,  207,  209,  215,  226,  230,  231,  236, 
237,  240,  253,  279,  280,  284,  310,  313,  319,  337,  340, 

342,  357,  366,  370,  373,  374,  385,  396,  419,  459,  464, 
465, 466, 470, 499, 500, 501, 504, 545, 598, 604, 627, 636 

Synanthedon  acerrubri  Englehardt  35,  179,  191,  193,  219,  226, 
357,  374 

Synanthedon  albicornis  (Hy.  Edwards)  54,  55,  59,  67,  69,  179, 
191,  193,  207,  226,  237,  310,  357,  374,  467,  545,  607 

Synanthedon  alien  (Engelhardt)  191,  193,  226 

Synanthedon  arctica  (Beutenmuller)  65,  66,  69,  191,  193,  202, 
226 

Synanthedon  arizonensis  (Beutenmuller)  61,  72,  191,  193,  226 

Synanthedon  arkansasensis  Duckworth  and  Eichlin  190,  195 

Synanthedon  bibionipennis  (Boisduval)  [rutilans  (Hy.  Edwards). 
lupini  (Hy.  Edwards),  perplexa  (Hy.  Edwards),  impropria 
(Hy.  Edwards),  aureola  (Hy.  Edwards),  neglecta  (Hy.  Ed- 
wards), washingtonia  (Hy.  Edwards),  hemizoniae  (Hy.  Ed- 
wards), madariae  (Hy.  Edwards)]  10,  17,  51,  55,  56,  57,  58, 
59,  67,  69,  124,  149,  187,  188,  191,  193,  207,  214,  215, 
222,  223,  226,  229,  237,  283,  310,  374,  403,  467,  480, 
606,  607,  637 

Synanthedon  bolteri  (Hy.  Edwards)  35,  55,  67,  69,  179,  191,  193, 
211,  214,  226,  237,  357 

Synanthedon  canadensis  Duckworth  and  Eichlin  190,  193 

Synanthedon  castaneae  (Busck)35,  118,  179, 191, 193,219,226, 
357,  374 


Synanthedon  chrysidipennis  (Boisduval)  [tacoma  (Beutenmuller), 
chrysidipennis  wallowa  (Engelhardt)]  61,  69, 191, 193,  214, 
217,  222,  226,  374,  606,  607 

Synanthedon  culiciformis  (Linnaeus)  [culciformis  amehcana 
(Beutenmuller)]  57,  58,  59,  60,  67,  69, 129, 179, 191,  193, 
202,  218,  226,  229,  237,  335,  374,  606,  607 

Synanthedon  decipiens  (Hy.  Edwards)  [imperfecta  (Hy.  Edwards), 
nicotianae  (Hy.  Edwards),  rubristigma  (Kellicott)]  55,  57, 
58,  59,  60,  67,  69, 191,  193,  207,  226,  237,  300,  342,  343, 
357,  374 

Synanthedon  dominicki  Duckworth  and  Eichlin  190,  193 

Synanthedon  exitiosa  (Say)  [persica  (Thomas),  pepsidiformis 
(Hubner),  xiphiaejormis  (Boisduval),  grae/i  (Hy.  Edwards), 
opalescens  (Hy.  Edwards),  exitiosa  fitchii  (Hy.  Edwards), 
pacifica  (Riley),  exitiosa  luminosa  (Neumoegen),  exitiosa 
edwardsii  (Beutenmuller),  graefi  bamesii  (Beutenmuller)]  7, 
10, 11, 12, 13, 18, 23,  24, 27,  28,  30, 31, 32, 34, 37,  38,  41, 
42, 44, 47,  50,  54, 55,  57, 58,  59,  62, 63,  67, 68, 69,  75,  76, 
77,  78,  79, 80, 81, 86, 87, 90, 92, 96, 98, 99, 102, 103, 104, 
108,  121,  122,  123,  125,  126,  133,  134,  135,  136,  137, 
138,  139,  140,  141,  142,  150,  153,  154,  157,  159,  160, 
161,  167,  168,  169,  170,  171,  173,  175,  178,  184,  185, 
186,  189.  191,  193,  197,  201,  205,  207,  210,  214,  215, 
222,  226,  227,  228,  229,  234,  235,  237,  239,  240,  244, 
245,  248,  249,  250,  251,  256,  258,  262,  263,  265,  266, 
275,  276,  277,  279,  282,  285,  286,  287,  292,  293,  294, 
295,  296,  305,  306,  310,  311,  322,  323,  324,  325,  326, 
327,  328,  330,  333,  340,  342,  345,  346,  350,  351,  355, 
357,  359,  361,  362,  364,  368,  369,  372,  373,  374,  376, 
379,  380,  381,  382,  383,  384,  385,  386,  389,  395,  402, 
405,  411,  412,  414,  416,  419,  420,  427,  429,  432,  433, 
434,  435,  436,  437,  438,  439,  440,  449,  454,  458,  461, 
468,  476,  479,  482,  483,  487,  488,  489,  491,  495,  496, 
502,  503,  505,  507,  515,  517,  518,  519,  522,  523,  524, 
525,  526,  527,  528,  530,  531,  532,  533,  534,  535,  536, 
537,  538,  539,  540,  542,  543,  544,  548,  550,  551,  552, 
553,  554,  555,  557,  558,  559,  560,  561,  562,  563,  564, 
565,  566,  567,  568,  569,  570,  571,  572,  573,  574,  575, 
577,  578,  579,  580,  581,  584,  593,  594,  604,  605,  606, 
607,  609,  610,  611,  612,  615,  619,  620,  622,  627,  631, 
633,  637, 649, 650, 651,  652, 653, 655, 656,  658, 659, 660 

Synanthedon  fatifera  Hodges  191,  193,  308,  333,  374,  419 

Synanthedon  fulvipes  (Harris)  58,  69,  191,  193,  226,  239,  290, 
357 

Synanthedon  geliformis  (Walker)  35,  58,  69,  191,  193,  207,  211, 
226,  374,  394 

Synanthedon  helenis  (Engelhardt)  191,  193,  226 

Synanthedon  kathyae  Duckworth  and  Eichlin  193,  195 

Synanthedon  millinipennis  (Boisduval)  [artemisiae  (Hy.  Edwards), 
seneciodes  (Hy.  Edwards)]  55,  57,  58,  69,  116,  179,  191, 
193,  207,  214,  226,  301,  335,  637,  638 

Synanthedon  novaroensis  (Hy.  Edwards)  [piceae  (Dyar),  brunneri 
(Busck)]  55,  58,  69,  111,  112,  119,  129,  179,  191,  193, 
204,  207,  226,  229,  335,  606,  607,  637 

Synanthedon  pictipes  (Grote  and  Robinson)  [inusitata  (Hy.  Ed- 
wards)] 7,  9,  10,  16,  19,  20,  21,  25,  28,  33,  35,  50,  54,  55, 
59, 67, 69, 82, 83,  84, 85,  86, 87, 89, 91, 96, 114, 115, 117, 
125,  126,  128,  136.  137,  146,  147,  162,  179,  180,  181, 
182,  183,  191,  193,  196,  197,  198,  207,  215,  219.  226, 
236,  237,  249,  250,  251,  255,  259,  260,  261,  269,  270, 
272,  279,  286,  296,  310,  311,  312,  327,  331,  332,  333, 
337,  340,  342,  346,  348,  349.  352,  354,  357,  371,  372, 
373,  374,  376,  377,  378,  385,  387,  388.  395.  402,  405, 
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407,  416,  419,  420,  430,  431,  450,  453,  475,  476,  477, 
478,  482,  483,  488,  515,  531,  533,  540,  541,  557,  570, 
571,  576,  595,  612,  616,  624,  627,  639,  640,  641,  642, 
643,  644,  645,  646,  649,  659,  660,  661,  662 

Synanthedon  pini  (Kellicott)  35,  58,  59,  60,  67,  69, 129, 132, 179, 
191,  193,  201,  210,  215,  226,  231,  237,  244,  267,  310, 
336,  337,  338,  340,  357,  374,  402,  428,  598,  599 

Synanthedon  polygoni  (Hy.  Edwards)  [fragariae  (Hy.  Edwards), 
helianthi  (Hy.  Edwards),  archillae  (Hy.  Edwards), 
eremocarpi  (Hy.  Edwards),  meadii  (Hy.  Edwards),  or- 
thocarpi  (Hy.  Edwards),  praestans  (Hy.  Edwards),  behrensii 
(Hy.  Edwards),  animosa  (Hy.  Edwards),  elda  (Hy.  Ed- 
wards), fragariae  semipraestans  (Cockerell)]  55,  56,  57,  58, 
69,  96,  148,  191,  193,  207,  209,  210,  211,  212,  214,  218, 
226,  374,  607,  637,  638 

Synanthedon  proximo  (Hy.  Edwards)  [modesta  (Kellicott)]  35,  43, 
191,  193,  207,  226,  342 

Synanthedon pyri  (Harris)  [koebelei  (Hy.  Edwards)]  45,  47,  54,  55, 
58,  59,  60,  67,  69,  96,  101,  191,  193,  207,  215,  226,  233, 
237,  240,  289,  290,  292,  294,  310,  337,  340,  344,  357, 
374,  385,  396,  402,  427,  467,  483,  545,  603,  604,  627, 
628,  647,  648 

Synanthedon  refulgens  (Hy.  Edwards)  [marica  (Beutenmuller), 
seminole  (Beutenmuller)]  58,  62,  69,  96,  191,  193,  207, 
226,  411 

Synanthedon  resplendens  (Hy.  Edwards)  55,  105,  191,  193,  207, 
226,  327,  374,  394,  490 

Synanthedon  rhododendri  (Beutenmuller)  35,  71,  93,  94,  97,  98, 
99, 174, 191, 193,  226,  232, 237,  280,  281,  327,  357,  358, 
374,  408,  409,  412,  511,  590,  591,  630,  635 

Synanr/iedon  richardsi  (Engelhardt)  191,  193,  226 

Synanthedon  rileyana  (Hy.  Edwards)  [brunneipennis  (Hy.  Ed- 
wards), hyperici  (Hy.  Edwards),  austini  (Engelhardt)]  55, 
69,  96,  191,  193,  226,  237,  357,  374,  419,  589,  607 

Synanthedon  rubrofascia  (Hy.  Edwards)  35, 59,  69, 191, 193, 207, 
226,  237,  325,  329,  357,  374,  419 

Synanthedon  sapygaeformis  (Walker)  [floridensis  (Grote)]  35,  55, 
58,  59,  60,  67,  69,  191,  193,  207,  226,  271,  374,  396,  400 

Synanthedon  saxifragae  (Hy.  Edwards)  [henshawii  (Hy.  Edwards)] 
55,  57,  58,  69,  191,  193,  207,  210,  226,  239,  529,  607 

Synanthedon  scitula  (Harris)  [gallivorum  (Westwood),  hospes 
(Walsh),  corusca  (Hy.  Edwards),  aemuia  (Hy.  Edwards)]  4, 


7,  35,  55,  57,  58,  59,  60,  67,  69,  96,  151,  179,  191,  193, 
205,  207,  208,  211,  214,  226,  236,  237,  243,  290,  298, 
302,  310,  327,  333,  342,  352,  357,  358,  374,  396,  402, 
404,  408,  409,  412,  414,  419,  428,  442,  443,  446,  447, 
508, 509, 510, 511, 512, 521, 614, 618, 621,  630, 631 ,632 

Synanthedon  sequoiae  (Hy.  Edwards)  [superba  (Hy.  Edwards), 
pinorum  (Behrens)]  48,  57,  58,  59,  60,  67,  69,  106,  110, 
111,  129,  130,  179,  191,  193,  207,  226,  229,  242,  310, 
334,  335,  374,  419,  428,  451,  606,  607,  629,  637,  638 

Synanthedon  sigmoidea  (Beutenmuller)  35,  59,  60,  69,  179,  191, 
193,  226,  237,  357,  374 

Synanthedon  tipuliformis  (Clerck)  9,  53,  54,  60,  67,  69,  73, 87, 88, 
99, 108, 124, 125, 127, 131, 152, 154, 155, 156, 163, 164, 
165,  176,  191,  193,  201,  214,  215,  226,  229,  233,  237, 
240,  244,  245,  264,  287,  291,  292,  309,  310,  342,  357, 
360,  362,  366,  374,  385,  402,  405,  420,  427,  445,  491, 
497,  498,  545,  595,  601,  602,  604,  606,  607,  609,  620, 
626,  627 

Synanthedon  viburni  Engelhardt  35,  191,  193,  219,  226,  257, 
333,  357,  374 

Vitacea  admiranda  (Hy.  Edwards)  55,  57,  58,  69,  191,  193,  208, 
226,  310 

Vitacea  cupressi  (Hy.  Edwards)  58,  69,  191,  193,  207,  226 

Vitacea  polistiformis  (Harris)  [seminole  (Neumoegen), polistiformis 
huron  Engelhardt]  6,  29,  36,  52,  54,  60,  67,  69,  96,  100, 
143,  191,  193,  199,  215,  226,  233,  237,  240,  293,  310, 
340,  374,  385,  420,  427,  448,  463,  479,  492,  493,  604 

Vitacea  scepsiformis  (Hy.  Edwards)  58,  69,  191,  193,  207,  226, 
237,  357,  374 

Zenodoxus  canescens  Hy  Edwards  [canescens  sidae  Engelhardt] 
55,  69,  191,  193,  226 

Zenodoxus  heucherae  Hy.  Edwards  [potentillae  Hy.  Edwards]  55, 
69,  191,  193,  226 

Zenodoxus  maculipes  Grote  and  Robinson  55,  69,  191,  193,  226 

Zenodoxus  mexicanus  Beutenmuller  69,  191,  193,  226 

Zenodoxus  palmii  (Neumoegen)  [palmiana  (Dallas  Torre),  wis- 
sadulae  Engelhardt,  palmii  sphaeralceae  Engelhardt,  palmii 
incanae  Engelhardt]  191,  193,  223,  226,  374 

Zenodoxus  rubens  Engelhardt  [canescens  bexari  Engelhardt]  191, 
193,  226 

Zenodoxus  sidalceae  Engelhardt  191,  193,  226,  374 
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Summary 

This  paper'  presents  a  comprehensive  forest  site  classification 
system  for  the  southern  portion  of  the  Cumberland  Plateau  in 
northern  Alabama,  northwest  Georgia,  and  extreme  south-central 
Tennessee.  The  system  is  based  on  physiography,  geology,  soils, 
topography,  and  vegetation.  Twenty-one  landtypes  are  described, 
and  each  landtype  is  evaluated  in  terms  of  productivity  and  desira- 
bility of  selected  pines  and  hardwoods  for  timber  production.  Also, 
each  landtype  is  rated  for  five  soil-related  problems  that  can  affect 
forest  management  operations. 
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Classification  and  Evaluation 
of  Forest  Sites  on  the  Southern  Cumberland  Plateau 


GLEN  DON  W.  SM  ALLEY 


Introduction 

This  report  classifies  and  evaluates  forest  sites  on 
the  Southern  Cumberland  Plateau  for  the  manage- 
ment of  a  number  of  commercially  valuable  tree 
species  (fig.  1).  It  provides  forest  managers  with  a 
land  classification  system  that  will  enable  them  to 
subdivide  forest  land  into  logical  segments  (land- 
types)  with  about  equal  productivity,  allow  them  to 
rate  productivity,  and  alert  them  to  any  limitations 
and  hazards  that  the  landtypes  impose  on  forest  man- 
agement activities.  Though  soils  information  is  an 
integral  part  of  this  system,  users  will  not  need  to 
identify  and  classify  soils  or  to  make  laboratory  de- 
terminations. This  report  is  oriented  to  timber  pro- 
duction because  timber  is  usually  a  major  manage- 
ment objective.  However,  there  is  no  reason  why 
landtypes  cannot  be  the  basis  for  interpretation  for 
other  forest  resources. 

I  have  drawn  freely  on  much  published  information 
on  geology,  physiography,  soils,  sites,  and  yields.  In 
many  cases,  data  specific  to  this  area  were  not  avail- 
able and  information  was  extrapolated  from  adjacent 
regions.  Extrapolation  was  particularly  necessary 
with  productivity  data.  All  sources  of  data  are 
documented  so  the  user  can  gage  the  accuracy  and 
reliability  of  the  information. 

Productivity  and  management  problem  informa- 
tion is  presented  in  a  format  that  follows  the  outline 
used  by  the  Soil  Conservation  Service  (SCS)  in  the 
Woodland  Suitability  sections  of  county  soil  surveys. 
This  similarity  should  facilitate  the  integration  of  in- 
formation contained  in  county  soil  surveys'  into  this 
classification  system. 

This  guide  represents  the  best  information  and 

'See  Appendix  for  available  soil  surveys. 


collective  judgment  now  available.  Nevertheless,  this 
guide  is  still  incomplete.  I  trust  that  forest  managers, 
after  applying  this  site  classification  system,  will  share 
their  experience  with  me  and  make  me  aware  of  any 
shortcomings  or  needed  revisions. 

Southern  Cumberland 
Plateau  Region 

The  Southern  Cumberland  Plateau  (fig.  2)  includes 
all  of  the  Cumberland  Plateau  east  and  south  of  the 
Tennessee  River.  Covering  all  or  portions  of  18 
counties  in  Alabama,  3  in  Georgia,  and  2  in  Tennes- 
see, it  occupies  about  8,900  square  miles  and  extends 
south  to  north  from  about  north  latitude  33°  15'  to 
35°  7'  and  east  to  west  from  about  west  longitude  85° 
20'  to  87°  50'.  It  extends  southwest  from  Chatta- 
nooga, Tennessee,  nearly  to  Tuscaloosa,  Alabama,  a 
distance  of  about  175  miles. 

Included  in  the  Region  are  such  well-known  land- 
forms  as  the  Warrior  Coal  Basin  and  Lookout,  Sand 
and  Little  Mountains.  Not  included  in  the  Region  are 
the  Moulton  and  Tennessee  River  Valleys,  which  are 
part  of  the  Highland  Rim,  and  the  Sequatchie,  Look- 
out, and  Big  Wills  Valleys,  which  are  part  of  the  Ridge 
and  Valley  province. 

Climate 

The  Region  has  a  temperate  climate  characterized 
by  long,  moderately  hot  summers  and  short,  mild 
winters.  According  to  Thornthwaite*s  (1931)  classifi- 
cation of  climate,  it  is  humid  mesothermal.  Tables  1 
and  2  show  average  monthly  and  annual  precipitation 
and  temperature  values,  average  frost-free  periods, 
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TABLE     PLATEAUS 

MODERATELY    DISSECTED    PLATEAU 
STRONGLY     DISSECTED    PLATEAU 
SHALE    HILLS    (WARRIOR    BASIN) 


Figure  2.  Subregions  of  the  Southern  Cumberland  Plateau  and 
location  of  weather  stations. 


and  elevation  above  sea  level  for  Albertville,  Bir- 
mingham, Haleyville,  and  Saint  Bernard  (fig.  2).  Al- 
bertville and  Saint  Bernard  are  the  only  stations  on 
the  Southern  Plateau  with  long-term  records  of 
temperature  and  precipitation.  Many  stations  like 
Haleyville  and  Birmingham  have  adequate  records 
but  are  located  off  the  Plateau  in  adjacent  Highland 
Rim,  Ridge  and  Valley,  and  Coastal  Plain  provinces. 
Mean  temperature  for  the  Region  is  about  60°F. 
No  long-term  freeze  data  are  available  for  Haleyville, 
but  average  date  of  last  freeze  is  March  3  for  Al- 
bertville, March  16  for  Birmingham,  and  April  8  for 
Saint  Bernard.  Average  date  of  first  freeze  is  October 


24  for  Saint  Bernard,  November  6  for  Albertville, 
and  November  11  for  Birmingham.  Therefore,  most 
of  the  Southern  Plateau  has  an  average  frost-free 
period  of  200  or  more  days.  The  temperature  often 
falls  below  freezing  at  night  in  December,  January, 
and  February.  The  ground  freezes  2  to  6  inches  deep 
several  times  during  the  average  winter  season  and 
commonly  remains  frozen  for  2  to  10  days.  Temper- 
ature does  not  vary  much  across  the  Region,  but 
midafternoon  temperatures  in  the  summer  may  be  3 
to  7  degrees  cooler  on  the  Plateau,  particularly  on 
Sand  and  Lookout  Mountains,  than  in  the  adjacent 
valleys. 


Table    1. — Average  monthly  and  annual  precipitation  in  inches  for  four  weather  stations  in  northern 
Alabama. ' 


Years  Eleva- 

of        tion      Jan.      Feb.     Mar.     Apr.     May     Jun.      Jul.      Aug.    Sept.     Oct.     Nov.     Dec.     Year 
Record     Ft 


Station  and 
County 


Albertville 
Marshall,  AL 

St.  Bernard 
Cullman.  AL 

Birmingham 
Jefferson,  AL 

Haleyville 
Winston,  AL 


51     1140   5.3     5.1     5.9     5.0     4.1      3.4     4.6     3.3     3.5     2.8     4.1     5.3    52.5 


70      802   5.6     5.7     6.2     5.1     4.0'   3.8     4.5     3.9     4.0     2.8     4.4     5.4    55.2 


39      620  4.8     5.3     6.2     4.6     3.6     4.0     5.2     4.3     3.6     2.6     3.7     5.2    53.2 


40      950  6.0     5.8     6.4     5.6     3.8     4.0     5.0     4.1      3.8     2.6     4.3     5.9    57.3 


'U.S.  Department  of  Commerce  (1974). 


Average  wind  velocity  is  low  with  southerly  winds 
prevailing  from  May  to  September  and  northerly  ones 
from  November  to  March.  Severe  winds  are  in- 
frequent and  usually  associated  with  summer  thun- 
derstorms. 

Annual  precipitation  on  the  Plateau  averages 
about  54  inches  and  ordinarily  is  fairly  well  distrib- 
uted throughout  the  year.  Precipitation  is  greatest 
from  January  through  April.  Least  precipitation  is 
from  August  through  November.  Short  periods  of 
very  wet  and  very  dry  weather  are  common.  Thun- 
derstorms with  high  intensity  rainfall  are  common  in 
summer.  Snowfall  seldom  exceeds  a  few  inches  and 


melts  in  a  few  days.  Soils  are  wettest  from  December 
to  April  and  driest  from  July  to  October.  Tree  growth 
is  commonly  retarded  for  periods  of  a  few  to  several 
days  up  to  six  times  each  growing  season. 

Soil  dryness  during  the  growing  season  can  also  be 
shown  by  "frequency  of  drought  days"  data  (Knetsch 
and  Smallshaw,  1958).  A  drought  day  is  a  day  when 
precipitation  and  evapotranspiration  data  indicate 
that  soil  moisture  content  is  below  the  wilting  point. 
Drought  days  are  most  likely  in  August  when  the 
probability  of  10  drought  days  per  month  is  50  per- 
cent. The  next  highest  probability  of  drought  days  is 
in  July  and  September  when  the  probability  of  10 


Table  2. — Average  monthly  and  annual  temperature  in  °F  and  length  of  warm  period  for  four  weather 
stations  in  northern  Alabama. ' 


Years  Warm 

of       Jan.     Feb.     Mar.    Apr.     May     Jun.      Jul.     Aug.    Sept.     Oct.     Nov.     Dec.    Year    Per.2 

Record  Da.vs 


Station  and 
County 


Albertville 
Marshall,  AL 

St.  Bernard 
Cullman,  AL 

Birmingham 
Jefferson,  AL 

Haleyville 
Winston,  AL 


49  41  43  50  60  68  75  78  77  71  61  50  42  60  192 

68  41  44  50  61  69  76  78  78  72  61  50  42  60  175 

37  44  47  53  63  70  77  80  79  74  63  52  45  62  236 

38  41  44  50  61  69  76  78  78  72  62  50  43  60  177 


'U.S.  Department  of  Commerce  (1974). 
2Mean  period  from  last  32°  F  to  first  32°  F. 


drought  days  per  month  is  about  35  percent. 

Geology,  Topography,  and  Soils 

In  general  the  area  is  underlain  by  thick  nearly 
horizontal  beds  of  sandstone  and  shale,  but  in  places 
only  remnants  of  the  old  plateau  surface  remains 
(Fenneman,  1938).  The  highest  elevations  of  the 
Southern  Cumberland  Plateau  are  on  the  northern 
end  of  Sand  and  Lookout  Mountains,  where  the  un- 
dulating surface  averages  1,800  to  2,000  feet  above 
sea  level.  Elevation  of  the  Plateau  declines  southward 
at  about  10  feet  per  mile.  At  the  junction  with  the 
upper  Coastal  Plain,  the  Plateau  averages  600  to  700 
feet  high. 

The  margins  of  Sand  and  Lookout  Mountains  have 
a  conspicuous  escarpment.  South  of  the  Tennessee 
River  the  escarpment  is  less  conspicuous  and  faces 
north,  and  the  Plateau  top  is  1,000  to  1,200  feet 
above  sea  level.  As  elevation  declines,  the  sandstone 
caprock  thins  and  is  often  cut  through  and  sapped  by 
drainages.  Eventually,  the  caprock  becomes  so  thin 
that  the  escarpment  disappears. 

Topography  of  the  Southern  Plateau  varies  from 
undulating  to  rugged  and  complex,  and  slope  ranges 
from  nearly  level  to  steep.  Relief  is  commonly  150  to 
400  feet  in  the  interior  of  the  Plateau  and  is  1 ,000  feet 
or  more  at  the  escarpments  bordering  the  Highland 
Rim  and  Ridge  and  Valley  provinces. 

Slope  and  topography  affect  the  rate  and  amount  of 
both  surface  runoff  and  subsurface  movement  of  soil 
water.  Soil  loss  by  erosion  increases  as  gradient  and 
length  of  slope  increase.  Although  rare  under 
forested  conditions,  surface  runoff  is  important  dur- 
ing forest  management  operations.  Soils  on  steep 
slopes  are  often  shallower  than  soils  on  more  nearly 
level  terrain.  Sediment  deposited  on  gentle  terrain  by 
surface  runoff  is  greatest  below  the  longer  and  steeper 
slopes. 

Generally,  the  steeper  the  gradient  and  the  longer 
the  slope,  the  greater  the  subsurface  flow  of  soil  water 
downslope.  As  a  consequence,  plants  on  lower  slopes 
grow  for  longer  periods  without  moisture  stress  than 
those  on  upper  slopes.  Subsurface  flow  may  result  in 
excessively  wet  soil  with  poor  aeration  at  the  base  of 
long  slopes.  Lower  slopes  below  the  Plateau  escarp- 
ment are  an  exception.  Here,  soil  water  percolates 
deep  into  the  porous  limestone  instead  of  moving 
downslope  in  the  soil. 

Soil  temperatures  are  lower  on  north-facing  than 
on  south-facing  slopes.  Because  soils  on  north-facing 
slopes  retain  moisture  longer  during  the  growing  sea- 
son than  those  on  south-facing  slopes,  both  rate  of 
tree  growth  and  species  composition  are  better  on 
north-facing  than  on  south-facing  slopes.  Gradient, 
aspect,  slope  length,  and  soil  moisture  are  important 
in  the  delineation  of  landtypes  described  later. 


Subregions 

I  have  divided  the  Southern  Cumberland  Plateau 
into  four  subregions  (fig.  2)  that  correspond  fairly 
well  to  the  forest  habitat  regions  delineated  by 
Hodgkins  and  others  (1976).  The  subregions  are: 
A — Table  Plateaus,  B — Moderately  Dissected 
Plateau,  C — Strongly  Dissected  Plateau,  and  D — 
Shale  Hills.  Subregions  A,  B,  and  C  are  reasonably 
similar,  varying  mostly  in  the  degree  of  dissection. 
Soils  are  derived  primarily  from  sandstone  and  in 
places  from  siltstone  or  shale  or  mixtures  of  the  three. 
Subregion  D  is  well  dissected  and  soils  are  derived 
mostly  from  shale. 

Subregion  A  —  The  Table  Plateaus  consist  of  Sand 
and  Lookout  Mountains.  These  two  plateaus  exhibit 
relatively  little  geologic  dissection.  Extensive  areas  of 
gently  sloping  soil  are  the  dominant  feature,  and  ag- 
riculture is  common  where  soil  depth  exceeds  30  in- 
ches. 

Subregion  B  —  The  Moderately  Dissected  Plateau, 
locally  known  as  Brindley  Mountain,  occupies  all  of 
Cullman  County,  the  southern  part  of  Morgan 
County,  and  small  parts  of  several  other  counties. 
Also  included  in  Subregion  B  is  Little  Mountain,  a 
narrow  (2  to  8  miles)  undulating  low  (600  to  800  feet 
high)  plateau  paralleling  the  Tennessee  River  and 
separated  from  the  main  Cumberland  Plateau  by  the 
Moulton  Valley.  Subregion  B  has  more  geologic  dis- 
section than  Subregion  A,  so  there  is  a  higher  propor- 
tion of  strongly  sloping  land  and  shallow  soils.  Soils  on 
Little  Mountain  are  simliar  to  those  on  Brindley 
Mountain,  but  parent  rock  (Harsells  sandstone)  is  of 
Mississippian  age,  not  Pennsylvanian  as  is  the  rest  of 
the  Cumberland  Plateau.  Agriculture  is  the  dominant 
land  use  on  the  broad  uplands  and  in  the  wider  val- 
leys. 

Subregion  C  —  The  Strongly  Dissected  Plateau  is 
the  smallest  of  the  four  subregions  and  is  so  dissected 
that  it  no  longer  resembles  a  plateau.  Topography  is 
complex,  and  strongly  sloping  land  predominates. 
The  area  is  mostly  forested  and  the  Bankhead  Na- 
tional Forest  lies  within  this  subregion. 

Subregion  D  —  The  Shale  Hills  or  Warrior  Coal 
Basin  comprise  the  southern  extremity  of  the  Cum- 
berland Plateau.  Dissection  has  largely  removed  the 
sandstone  cap  and  exposed  the  underlying  shale. 
Topography  is  rugged  and  fairly  complex.  Because 
ridgetops  are  much  lower  than  those  in  more  north- 
erly sections  of  the  Plateau,  the  character  of  the  sub- 
region  is  one  of  extensive  hills,  not  mountains  or  a 
plateau.  Strongly  sloping  land  predominates,  and  the 
area  is  mostly  forested  although  there  is  more  farming 
than  in  Subregion  C.  Coal  mining,  both  shaft  and 
strip,  is  a  major  industry. 


Landtypes  Plateau  between  the  escarpment  and  the  adjacent 
I  have  divided  each  subregion  into  landtypes,  which  limestone  valleys  in  Subregions  A,  B,  and  C  and  also 
are  the  smallest  unit  of  the  landscape  recognized  in  between  the  escarpment  and  streambottoms  in  highly 
this  classification  system.  Wertz  and  Arnold  (1975)  dissected  Subregion  C.  Landtype  7  occurs  almost 
describe  landtypes  as  visually  identifiable  areas  that  anywhere  on  the  landscape.  Landtypes  8  and  9  occur 
have  similar  soils  and  productivity  and  have  resulted  in  drainages  both  above  and  below  the  escarpment. 
from  similar  climatic  and  geological  processes.  Because  no  escarpment  exists  in  Subregion  D.  all 
The  Southern  Cumberland  Plateau  Region  has  21  landtypes  (14-21)  occur  only  on  top  of  the  Plateau, 
recognizable  landtypes  (table  3)  with  landtypes  1-13  Aspect  distinguishes  some  landtypes  and  is  re- 
occurring  in  Subregions  A,  B,  and  C  (figs.  3  and  4)  corded  as  either  north  or  south.  North  aspects  include 
and  landtypes  14-21  occurring  in  Subregion  D  (fig.  all  azimuths  from  315°  (northwest)  to  135°  (south- 
5).  Landtypes  1-6  occur  exclusively  on  top  of  the  east).  The  remainder  of  the  azimuth  circle  represents 
Plateau.  Landtypes  10-13  occur  on  the  sides  of  the  south  aspects. 


Table  3. — Summary  of  landtypes  and  their  occurrence  by  subregions. 

Landtype  Number 

Su 

Landtype  Location  and  Name 

Upland  Landtypes  on  Top  of  the  Plateau 

Narrow  Ridges  and  Convex  Upper  Slopes 

Broad  Undulating  Uplands 

Broad  Ridges  —  North  Aspect 

Broad  Ridges  —  South  Aspect 

North  Slopes 

South  Slopes 

Sandstone  Glades,  Rock  Outcrops, 

and  Plateau  Edges 
Shale  Rockland  and  Shallow  Soils  19 


Upland  Landtypes  on  the  Sides  of  the  Plateau 

Sandstone  Escarpment,  Talus  Slopes,  and  10 

Benches  —  North  Aspect 
Sandstone  Escarpment,  Talus  Slopes,  and  1 1 

Benches  —  South  Aspect 
Lower  Slopes,  Benches,  and  Spur  Ridges  —  12 

North  Aspect 
Lower  Slopes,  Benches,  and  Spur  Ridges  —  13 

South  Aspect 
Sandstone  Glades,  Rock  Outcrops,  and 

Plateau  Edges 


Landtypes  Associated  with  Drainages 

Lower  Slopes,  Terraces,  and  Streambottoms  8  20 

with  Good  Drainage 
Terraces  and  Streambottoms  with  9  21 

Poor  Drainage 
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Figure  3.  Land  forms  on  top  of  the  Plateau  and  in  drainages  in 
Subregions  A,  B,  and  C  where  the  caprock  is  mostly 
sandstone. 


FIGURE  3 


Legend 

1.  Narrow  ridges  and  convex  upper  slopes. 

2.  Broad  undulating  uplands. 

3.  Broad  ridges,  north  aspect. 

4.  Broad  ridges,  south  aspect. 

5.  North  slopes. 

6.  South  slopes. 

7.  Sandstone  glades,  rock  outcrops,  and  plateau  edges. 

8.  Lower  slopes,  terraces,  and  streambottoms  with  good  drainage. 

9.  Terraces  and  streambottoms  with  poor  drainage. 


SOIL 
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Figure  4.  Land  forms  on  the  sides  of  the  Plateau  in  Subregions 
A,  B,  and  C. 


FIGURE  4 


Legend 

1 .  Sandstone  glades,  rock  outcrops,  and  plateau  edges. 

10.  Sandstone  escarpment,  talus  slopes,  and  benches;  north  as- 
pect. 

11.  Sandstone  escarpment,  talus  slopes,  and  benches;  south  as- 
pect. 

12.  Lower  slopes,  benches,  and  spur  ridges;  north  aspect. 

13.  Lower  slopes,  benches,  and  spur  ridges;  south  aspect. 


Figure  5.  Land  forms  on  top  of  the  Plateau  and  in  drainages  in 
Subregion  D  where  the  caprock  is  mostly  shale. 


FIGURE  5 


Legend 

14.  Narrow  ridges  and  convex  upper  slopes. 

15.  Broad  ridges,  north  aspect. 

16.  Broad  ridges,  south  aspect. 

17.  North  slopes. 

18.  South  slopes. 

19.  Shale  rockland  and  shallow  soils. 

20.  Lower  slopes,  terraces,  and  streambottoms  with  good  drain- 
age. 

21.  Terraces  and  streambottoms  with  poor  drainage. 


Each  landtype  is  described  in  terms  of  nine  ele- 
ments. The  Geographic  Setting  provides  an  overall 
description  of  the  landtype,  specifying  both  where  it 
occurs  on  the  landscape  and  its  relation  to  other 
landtypes.  Slope  was  classified  in  accordance  with 
SCS  standards  (Soil  Survey  Staff  1951). 


Slope  Classes  and  Corresponding  Percent  of  Slope 

Slope  percent  Class 

0-  2  Level  or  nearly  level 

2-  6  Gently  sloping 


6-10 

Sloping 

10-15 

Strongly  sloping 

15-25 

Moderately  steep 

25-45 

Steep 

45  + 

Very  steep 

The  most  prevalent  soil  series  are  listed  under 
Dominant  Soils.  These  series  names  reflect  the  most 
recent  designations  in  soil  classification  and  link  this 
site  classification  system  with  county  soil  surveys 
published  by  the  SCS.  Users  who  wish  more  detailed 
information  can  refer  to  soil  series  descriptions  issued 
by  the  SCS. 

The  kind  of  Bedrock  or  Soil  Parent  Material  and 
Depth  to  Bedrock,  are  listed  next.  Soil  Texture  is 
described  in  terms  of  the  12  conventional  classes, 
which  are  based  on  percentages  of  sand,  silt,  and 
clay-size  particles  (Soil  Survey  Staff  1951). 

The  conventional  seven  Soil  Drainage  classes  are: 
very  poorly  drained,  poorly  drained,  somewhat  poorly 
drained,  moderately  well  drained,  well  drained,  some- 
what excessively  drained,  and  excessively  drained  (Soil 
Survey  Staff  1951).  Relative  Soil  Water  Supply  of 
each  landtype  is  rated  in  five  classes:  very  low,  low, 
medium,  high,  and  very  high.  This  qualitative  rating  is 
based  on  the  available  water  holding  capacity  of  the 
dominant  soils  (a  function  of  soil  texture  and  thick- 
ness), but  allowances  are  made  for  the  influence  of 
soil  drainage,  topographic  position,  and  aspect. 

Soil  Fertility  is  described  as:  very  low,  low,  moder- 
ately low,  moderate,  moderately  high,  high,  or  very 
high.  Because  soils  of  the  Southern  Cumberland 
Plateau  are  fairly  acid  and  derived  from  rocks  with 
few  weatherable  minerals,  the  most  fertile  soils  in  the 
region  are  rated  only  moderate  (Francis  and  Loftus, 
1977).  The  most  common  woody  species  in  ap- 
proximate order  of  abundance  are  listed  under  Veg- 
etation. Some  distinctive  herbaceous  species  are  in- 
cluded. Species  nomenclature  follows  Little  (1953) 
and  Fernald  (1950). 


Forest  Management 
Interpretations 

Each  landtype  is  evaluated  in  terms  of  productivity 
for  selected  species  of  trees  and  species  desirability 
for  timber  production.  Also,  each  landtype  is  rated 
for  five  soil-related  problems  that  may  affect  forest 
management  operations. 

Productivity 

Productivity  of  commercially  valuable  species  is 
expressed  as  site  index  and  as  average  annual  growth 
in  cubic  feet  per  acre.  Site  index  is  the  total  height 
attained  by  dominant  and  codominant  trees  at  some 
specified  age. 

For  all  naturally  occurring  species  but  upland  oaks, 
site  indices  are  the  means  of  values  from  soil  survey 
interpretations  for  dominant  soils  in  each  landtype. 
Interpretations  are  issued  by  the  SCS  as  part  of  each 
soil  series  description.  SCS  personnel  obtained  height 
and  age  measurements  in  well-stocked,  even-aged, 
essentially  unmanaged  stands  that  had  not  been  dam- 
aged excessively  by  fire,  insects,  disease,  or  grazing. 
These  stands  were  located  on  soils  representing,  as 
nearly  as  possible,  the  modal  concept  of  each  soil 
series.  SCS  personnel  then  used  published  site  index 
curves  (Beck  1962,  Broadfoot  1960,  Broadfoot  and 
Krinard  1959,  Nelson  and  others  1961,  and  U.S. 
Forest  Service  1 929)  to  convert  height  and  age  data  to 
site  indices.  Curves  for  yellow-poplar,  sweetgum,  and 
the  pines  are  based  on  age  50  years;  those  for  cotton- 
wood  on  age  30  years. 

For  upland  oaks  average  site  indices,  base  age  50 
years,  were  derived  from  Smalley's  (1967)  soil-site 
study  in  Subregion  C  and  Schnur's  (1937)  curves. 

Site  indices,  base  age  25  years,  are  given  for  loblolly 
and  shortleaf  pines  in  plantations  established  on 
abandoned  fields  (Smalley  and  Bower  1971)  when 
data  for  specific  landtypes  were  available. 

In  a  few  cases  when  no  values  were  available,  site 
indices,  base  age  50  years,  of  important  species  were 
estimated.  Where  they  occur  in  tables  4  to  24  these 
estimated  values  are  enclosed  in  parentheses. 

Average  annual  growth  expressed  in  cubic  feet  per 
acre  was  calculated  from  available  yield  tables 
(McCarthy  1933,  Nelson  and  others  1961,  Schnur 
1937,  U.S.  Forest  Service  1929,  and  Winters  and 
Osborne  1935).  The  yield  tables  represent  either 
normal  or  fully-stocked  conditions.  Annual  growth 
rates  for  all  naturally  occurring  species  or  forest  types 
were  averaged  over  50  years. 

Average  annual  growth  rates  for  loblolly  and 
shortleaf  pine  plantations  were  derived  from  Smalley 
and  Bailey's  (1974a,  1974b)  variable-density  yield 
tables,  and  a  planting  density  of  1,000  seedlings  per 


acre  was  assumed.  Average  growth  was  based  on  40 
years,  the  oldest  age  reported  in  the  yield  tables. 

Though  our  productivity  data  are  the  best  avail- 
able, all  site  curves  and  yield  tables  except  those  for 
plantation-grown  loblolly  and  shortleaf  pine  were  de- 
veloped either  for  geographic  areas  larger  than  but 
including  the  Southern  Cumberland  Plateau  or  for 
areas  other  than  the  Southern  Cumberland  Plateau. 

Yields  were  not  expressed  in  a  common  merchan- 
tability standard,  so  care  should  be  exercised  in  com- 
paring average  annual  yields  of  species  both  within 
and  between  landtypes.  Footnotes  to  tables  4  to  24 
specify  merchantability  standards  used. 

Management  Problems 

Plant  Competition  rates  the  invasion  of  unwanted 
plants  after  openings  are  made  in  the  canopy.  Plant 
competition  is  slight  if  unwanted  plants  do  not  pre- 
vent adequate  natural  regeneration,  interfere  with 
early  growth,  or  restrict  normal  development  of 
planted  or  seeded  seedlings.  Competition  is  moderate 
if  unwanted  plants  delay  establishment  and  hinder  the 
growth  of  regenerated  seedlings  or  if  they  retard  the 
eventual  development  of  a  fully  stocked  stand.  Com- 
petition issevere  if  unwanted  plants  prevent  adequate 
restocking  without  extensive  site  preparaton  or  spe- 
cial maintenance  practices.  Competition  ratings  in 
tables  4  to  24  represent  regional  averages,  and  com- 
petition on  a  given  landtype  may  vary  as  a  result  of 
past  land  use. 

Seedling  Mortality  is  the  loss  of  artificially  estab- 
lished tree  seedlings  as  influenced  by  soils  and  topo- 
graphic conditions,  assuming  that  planting  is  done 
properly  and  plant  competition  is  insignificant.  Rat- 
ing is  slight  if  expected  mortality  is  0  to  25  percent, 
moderate  if  expected  mortality  is  26  to  50  percent, 
and  severe  if  mortality  is  more  than  50  percent.  If  the 
rating  is  moderate  or  severe,  special  preparation  of 
the  seedbed  and  special  planting  techniques  are  often 
necessary  to  insure  a  fully  stocked  stand. 

Equipment  Limitations  are  restrictions  on  use  of 
conventional  wheeled  or  tracked  equipment.  Soil  and 
topographic  characteristics  such  as  slope,  drainage, 
texture,  and  rockiness  influence  equpment  limita- 
tions, sometimes  necessitating  the  use  of  different 
kinds  of  equipment  and  methods  of  operation,  or 
restricting  the  season  when  equipment  is  used.  Gen- 
erally, limitation  is  slight  if  slope  is  20  percent  or  less 
and  farm  machinery  can  operate  efficiently  during  all 
seasons.  The  rating  is  moderate  if  slope  is  20  to  30 
percent,  limits  the  use  of  ordinary  farm  machinery, 
and  requires  track-type  equipment;  or  if  soil  wetness 
prevents  the  use  of  logging  vehicles  for  2  to  6  months 
in  a  year.  The  rating  is  severe  if  slope  exceeds  30 


percent,  making  track-type  equipment  inadequate 
and  requiring  power  vehicles  and  other  special 
equipment;  or  if  wetness  prevents  use  of  vehicles  for  6 
months  or  more  in  a  year. 

Erosion  Hazard  is  the  degree  of  potential  soil  ero- 
sion that  can  occur  during  and  after  forest  manage- 
ment operations  that  expose  soil  along  roads,  skid 
trails,  fire  lanes,  and  landing  areas.  The  ratings  as- 
sume that  the  forest  is  well  managed  and  is  protected 
from  fire  and  grazing.  Soil  and  topographic  charac- 
teristics considered  in  rating  hazard  of  erosion  include 
slope,  infiltration,  permeability,  water  holding 
capacity,  and  resistance  to  detachment  of  soil  parti- 
cles by  rainfall  and  runoff.  Slight  indicates  that  no 
special  measures  are  needed,  moderate  indicates  that 
some  attention  needs  to  be  given  to  erosion  control, 
and  severe  indicates  that  intensive  erosion-control 
measures  are  needed. 

Windthrow  Hazard  measures  how  soils  affect  root 
development  and  how  firmly  soils  hold  trees.  The 
hazard  is  slight  if  rooting  depth  is  more  than  20  inches 
and  trees  withstand  most  winds,  moderate  if  effective 
rooting  depth  is  10  to  20  inches  and  some  trees  are 
blown  down  during  excessive  soil  wetness  and  strong 
winds,  and  severe  if  effective  rooting  depth  is  10 
inches  or  less  and  trees  will  not  stand  alone  in  strong 
winds. 

Three  categories  are  used  for  rating  Species  De- 
sirability of  species  that  commonly  occur  on  each 
landtype.  Most  Desirable  species  are  those  that  have 
potential  for  fast  growth,  high  value,  or  both.  Ac- 
ceptable species  are  those  with  moderate  growth  rate 
or  value.  Least  Desirable  species  are  those  with  slow 
growth,  poor  quality,  or  both.  "^hese  ratings  represent 
the  average  situation  for  the  region.  The  presence  or 
absence  of  local  markets  could  result  in  a  species 
being  assigned  to  another  category. 

Using  the  System 

This  guide  will  allow  professional  foresters,  forest 
landowners,  landuse  specialists,  forest  researchers, 
and  other  resource  professionals  to  make  on-site  de- 
termination of  site  productivity  and  will  provide  a 
site-dependent  framework  for  forest  management 
planning  and  forest  research. 

To  make  on-site  determinations  of  productivity  on 
a  particular  tract  of  land  the  user  must  first  identify 
specific  landtypes  by  referring  to  the  Landtype  De- 
scriptions. Then  the  user  should  refer  to  the  table  on 
the  facing  page  to  obtain  information  about  produc- 
tivity, severity  of  mangement  problems,  and  species 
desirability. 

This  site  classification  system  provides  a  sound 
biological  basis  for  forest  management  planning  be- 
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cause  it  recognizes  inherent  site  differences  and  soil- 
related  hazards.  When  the  system  is  adopted  land- 
types  become  the  basic  unit  of  management.  Con- 
tinuous Forest  Inventory  or  other  forest  inventory 
systems  can  easily  be  incorporated  into  this  site  clas- 
sification system  to  obtain  information  on  acreage, 
stocking,  composition,  and  growth  of  forests  by 
landtypes.  Once  productivity  data  are  available  for 
landtypes  on  a  specific  tract,  they  should  be  substi- 
tuted for  the  regional  values  in  the  appropriate  tables. 
Users  should  be  aware  that  productivity  may  vary 
considerably  within  a  landtype.  This  variation  should 
be  handled  as  a  sampling  problem  dependent  on  the 


desired  precision  of  the  productivity  information.  To 
adequately  sample  some  landtypes,  users  with  exist- 
ing inventory  systems  may  be  required  to  install  new 
plots  or  points.  Excessive  variation  in  productivity 
within  a  landtype  may  indicate  the  need  to  divide  that 
landtype  into  more  homogeneous  units. 

A  logical  vehicle  to  transfer  this  site  classification 
system  into  a  valuable  forest  management  tool  is  a 
landtype  map  (fig.  6),  which  can  be  used  in  all  phases 
of  management  from  day-to-day  activities  to  long- 
range  planning.  The  number  and  scale  of  maps  will 
depend  on  size  of  ownership  and  how  intensively  one 
wishes  to  manage.  Landtypes  can  be  mapped  at  scales 


Figure  6.  A  sample  landtype  map  for  Subregion  D,  the  Shale 
Hills.    Brookside    Quadrangle,    Jefferson    County, 
Alabama.  Section  25,  T  15  S,  R  4  W. 
11 


of  1:10,000  to  1:40,000.  So  the  U.S.  Geological  Sur-  For  forest  researchers,  this  site  classification  system 

vey  W2  minute  quadrangle  sheets  (1:24,000)  make  provides  a  basis  for  stratifying  study  areas.  The  sys- 

excellent  base  maps  on  which  to  delineate  landtypes.  tern  also  aids  in  identifying  and  isolating  problems 

Black  and  white  or  color  aerial  photos  of  high  contrast  that  need  to  be  researched.  For  example,  it  became 

can  also  serve  as  base  maps.  A  reasonable  amount  of  apparent  in  compiling  site  index  and  growth  informa- 

ground  checking  should  be  part  of  the  mapping  pro-  tion  that  little  mensuration  data  specific  to  the  region 

cess.  Owners  or  managers  of  large  tracts  should  are  available.  Finally,  the  system  provides  researchers 

explore  the  advantages  of  computer-generated  map-  with  a  vehicle  for  quick  transfer  of  research  results  to 

ping  or  landtypes  and  other  physical  and  biological  the  practitioner.  Study  results  can  be  reported  on  the 

features  of  the  landscape  (Beeman  1978).  basis  of  their  applicability  to  specific  landtypes. 
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DESCRIPTIONS  AND  FOREST  MANAGEMENT  INTERPRETATIONS 

FOR  LANDTYPES  IN  SUBREGIONS 


A.  TABLE  PLATEAUS 

B.  MODERATELY  DISSECTED  PLATEAU 

C.  STRONGLY  DISSECTED  PLATEAU 
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Description  of  Landtype  1: 

NARROW  RIDGES  AND 
CONVEX  UPPER  SLOPES 

Geographic  setting  —  Shallow  to  moderately  deep 
soils  on  gently  sloping  to  steep,  narrow,  winding 
ridgetops  and  adjoining  convex  upper  slopes. 
Slope  ranges  from  0  to  40  percent.  Typically  this 
landtype  is  no  wider  than  250  feet.  Rock  frag- 
ments, mostly  sandstone,  are  common  on  the  sur- 
face. Up  to  50  percent  of  the  soil  mass  may  be 
coarse  fragments.  Along  the  western  boundary  of 
Little  Mountain  in  Subregion  B  and  in  Subregion  C 
in  the  transition  to  the  Upper  Coastal  Plain, 
ridgetops  may  be  capped  with  a  few  inches  to  sev- 
eral feet  of  unconsolidated  Coastal  Plain  sedi- 
ments. If  these  sediments  are  extensive,  this  site 
classification  does  not  apply. 

Dominant  soils  —  Hartsells,  Linker,  Mountainburg, 
and  Hector. 

Bedrock  —  Predominantly  sandstone  and  conglom- 
erate with  thin  strata  of  shale  or  siltstone  in  places. 

Depth  to  bedrock  —  40  inches  or  less. 

Texture  —  Fine  sandy  loam,  sandy  loam,  loam;  often 
channery,  flaggy,  or  stony. 

Soil  drainage  —  Well-drained  to  somewhat  exces- 
sively drained. 

Relative  soil  water  supply  —  Low  to  very  low. 

Soil  fertility  —  Low. 

Vegetation  —  White  oak,  southern  red  oak,  scarlet 
oak,  post  oak,  chestnut  oak,  black  oak,  shortleaf 
pine,  Virginia  pine,  blackjack  oak,  hickories,  and 
blackgum;  occasional  sweetgum  and  yellow- 
poplar.  Dogwood,  sassafras,  sourwood,  and 
huckleberries  are  common  understory  associates. 


14 


Table  4. — Forest  management  interpretations  for  Landtype  1:  Narrow  Ridges  and  Convex  Upper  Slopes. 
Footnotes  appear  on  page  58. 


PRODUCTIVITY 

Site  index 

A verage 
Cubic 

annual  growth 
feet  per  acre 

Species 

Natural 
stands' 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
White  oak 
Red  oaks 
E.  redcedar 

70 
55 
60 

55  "1 
60  J 
35 

55 
40 

> 

104 
90 

53 

38-45 

133 

84 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Slight  to 
severe 

Slight  to 
severe 

Slight  to 
severe 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Virginia  pine 
Shortleaf  pine 

White  oak 
S.  red  oak 
Black  oak 
Chestnut  oak 

Post  oak 

Blackgum 
Hickories 
E.  redcedar 
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Description  of  Landtype  2: 

BROAD  UNDULATING  UPLANDS 

Geographic  setting  —  Moderately  deep  to  deep  soils 
on  level  to  gently  sloping  uplands  with  slopes  not 
exceeding  6  percent.  Slopes  are  so  gentle  that  as- 
pect is  not  a  factor.  These  uplands  may  be  up  to  0.5 
mile  in  width.  This  landtype  occurs  frequently  on 
Sand  Mountain  and  occasionally  on  Lookout  and 
Brindley  Mountains  but  is  rare  in  the  more  highly 
dissected  portions  of  the  Plateau.  Rock  fragments 
occur  infrequently  on  the  surface.  Although  as 
much  as  50  percent  of  the  soil  mass  may  be  coarse 
fragments,  less  rocky  conditions  predominate. 
Typically  this  landtype  occupies  the  highest  part  of 
the  landscape  and  grades  into  steeper  broad  ridges 
(Landtypes  3  and  4)  or  into  mid-slopes  (Landtypes 
5  and  6).  Depressions  within  these  uplands  should 
be  classified  as  Landtype  9. 

Dominant  soils  —  Hartsells,  Linker,  Nectar, 
Wynnville,  Albertville,  and  Enders. 

Bedrock  —  Sandstone,  conglomerate,  shale,  or 
siltstone;  often  interbedded. 

Depth  to  bedrock  —  20  inches  to  6  feet. 

Texture  —  Fine  sandy  loam,  sandy  loam,  loam,  and 
silt  loam;  occasionally  channery,  shaly,  or  stony. 

Soil  drainage  —  Well-drained  except  Wynnville  soils 
which  are  moderately  well  drained. 

Relative  soil  water  supply  —  Medium. 

Soil  fertility  —  Moderately  low. 

Vegetation  —  White  oak,  southern  red  oak,  scarlet 
oak,  hickories,  chestnut  oak,  black  oak,  yellow- 
poplar,  blackgum,  red  maple,  loblolly  pine,  and 
shortleaf  pine.  Dogwood,  sassafras,  and  persim- 
mon are  common  in  the  understory  and  abundant 
on  abandoned  fields  and  in  stands  that  have  been 
commercially  clearcut.  In  some  places  huckleber- 
ries are  abundant  in  the  understory. 
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Table  5. — Forest  management  interpretations  for  Landtype  2:  Broad  Undulating  Uplands.  Footnotes  appear  on 
page  58. 


PRODUCTIVITY 

Site  index 

Average 
Cubic 

annual  growth 
feet  per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
White  oak 
Red  oaks 
E.  redcedar 
Yellow-poplar 

75 
65 
70 

65  \. 

65  / 

40 

75 

55 
45 

114 

113 

92 

51 
63 

133 
102 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight  to 
moderate 

Slight 

Slight 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Yellow-poplar 
Virginia  pine 
Shortleaf  pine 

White  oak 
S.  red  oak 
Black  oak 

N.  red  oak 

Hickories 
Blackgum 
Red  maple 
E.  redcedar 
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Description  of  Landtype  3: 

BROAD  RIDGES  -  NORTH  ASPECT 

Geographic  setting  —  Moderately  deep  to  deep  soils 
on  nearly  level  to  steep  north-facing  portions  of 
broad  ridgetops  and  the  adjoining  convex  upper 
slopes.  This  landtype  extends  from  the  ridge  crest 
down  to  where  the  slope  becomes  linear  or  nearly 
so.  At  this  point  there  is  usually  an  obvious  in- 
crease in  gradient.  Slope  ranges  from  6  to  35  per- 
cent. Rock  fragments  occur  on  the  surface  in 
places.  As  much  as  50  percent  of  the  soil  mass  may 
be  coarse  fragments.  These  broad  ridges  may  occur 
below  the  broad  uplands  (Landtype  2)  in  Sub- 
regions  A  and  B.  Along  the  western  edge  of  the 
region,  ridgetops  may  be  capped  with  a  few  inches 
to  several  feet  of  unconsolidated  Coastal  Plain 
sediments.  If  these  sediments  are  extensive,  this 
site  classification  does  not  apply. 

Dominant  soils  —  Hartsells,  Linker,  Nectar, 
Wynnville,  Albertville,  and  Enders. 

Bedrock  —  Sandstone,  conglomerate,  shale,  or 
siltstone;  often  interbedded. 

Depth  to  bedrock  —  20  inches  to  6  feet. 

Texture  —  Fine  sandy  loam,  sandy  loam,  loam,  and 
silt  loam;  occasionally  channery,  shaly,  or  stony. 

Soil  drainage  —  Well-drained  except  Wynnville  soils, 
which  are  moderately  well  drained. 

Relative  soil  water  supply  —  Medium. 

Soil  fertility  —  Moderately  low  to  low. 

Vegetation  —  White  oak,  southern  red  oak,  scarlet 
oak,  hickories,  black  oak,  yellow-poplar, 
blackgum,  red  maple,  loblolly  pine,  and  shortleaf 
pine.  Dogwood,  sassafras,  and  persimmon  are 
common  understory  species  that  are  abundant  on 
abandoned  fields  and  in  stands  that  have  been 
commercially  clearcut.  In  some  places,  huckleber- 
ries are  abundant  in  the  understory. 
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Table  6. — Forest  management  interpretations  for  Landtype  3:  Broad  Ridges  -  North  Aspect.  Footnotes  appear 
on  page  58. 


PRODUCTIVITY 

Site  index 

Average 
Cubic 

annual  growth 
feet  per  acre 

Species 

Natural 
stands' 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
White  oak 
Red  oaks 
E.  redcedar 
Yellow-poplar 

75 

65 

70 

65  "1 

65  J 

40 

75 

55  ' 
45 

114 
113 

92 

51 
63 

133 
102 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight  to 
moderate 

Slight 

Moderate  to 
severe 

Moderate  to 
severe 

Slight  to 
severe 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Yellow-poplar 
Virginia  pine 
Shortleaf  pine 

White  oak 
S.  red  oak 
Black  oak 
N.  red  oak 

Hickories 
Blackgum 
Red  maple 
E.  redcedar 
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Description  of  Landtype  4: 

BROAD  RIDGES  -  SOUTH  ASPECT 

Geographic  setting  —  Moderately  deep  to  deep  soils 
on  nearly  level  to  steep  south-facing  portions  of 
broad  ridgetops  and  the  adjoining  convex  upper 
slopes.  This  landtype  extends  from  the  ridge  crest 
down  to  where  the  slope  becomes  linear  or  nearly 
so.  At  this  point  there  is  usually  an  obvious  in- 
crease in  gradient.  Slope  ranges  from  6  to  35  per- 
cent. Rock  fragments  occur  on  the  surface  in 
places.  The  soil  mass  may  have  as  much  as  50 
percent  coarse  fragments  in  some  areas.  South- 
facing  ridges  tend  to  be  somewhat  steeper  and 
have  shallower  soils  with  a  higher  rock  content 
than  north-facing  ridges.  These  broad  ridges  may 
occur  below  the  broad  uplands  (Landtype  2)  in 
Subregions  A  and  B.  Along  the  western  edge  of  the 
region,  ridgetops  may  be  capped  with  a  few  inches 
to  several  feet  of  unconsolidated  Coastal  Plain 
sediments.  If  these  sediments  are  extensive,  this 
site  classification  does  not  apply. 

Dominant  soils  —  Hartsells,  Linker,  Nectar, 
Wynnville,  Albertville,  and  Enders. 

Bedrock  —  sandstone,  conglomerate,  shale,  or 
siltstone;  often  interbedded. 

Depth  to  bedrock  —  20  inches  to  5  feet. 

Texture  —  Fine  sandy  loam,  sandy  loam,  loam,  silt 
loam;  occasionally  channery,  shaly,  or  stony. 

Soil  drainage  —  Well-drained  except  Wynnville  soils, 
which  are  moderately  well  drained. 

Relative  soil  water  supply  —  Medium  to  low. 

Fertility  —  Moderately  low  to  low. 

Vegetation  —  White  oak,  southern  red  oak,  scarlet 
oak,  hickories,  chestnut  oak,  Virginia  pine,  black 
oak,  shortleaf  pine,  red  maple,  blackgum,  and 
loblolly  pine.  Dogwood,  sassafras,  and  persimmon 
are  common  in  the  understory  and  are  abundant 
on  abandoned  fields  and  in  stands  that  have  been 
commercially  clearcut.  In  some  places,  huckleber- 
ries are  abundant  in  the  understory. 
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Table  7. — Forest  management  interpretations  for  Landtype  4:  Broad  Ridges  -  South  Aspect.  Footnotes  appear 
on  page  58. 


PRODUCTIVITY 

I 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Species 

Natural 
stands' 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
White  oak 
Red  oaks 
E.  redcedar 

70 
55 
60 
60  "1 

60  J 

35 

55 
40 

104 
90 

53 

45 

133 
84 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight  to 
moderate 

Slight  to 
moderate 

Moderate  to 
severe 

Moderate  to 
severe 

Slight  to 
moderate 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Virginia  pine 
Shortleaf  pine 

White  oak 
S.  red  oak 
Chestnut  oak 
Black  oak 

Hickories 
Red  maple 
Blackgum 
E.  redcedar 
Post  oak 
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Description  of  Landtype  5: 

NORTH  SLOPES 

Geographic  setting  —  Shallow  to  moderately  deep 
soils  on  north-facing  linear  or  nearly  linear  mid- 
slopes.  This  landtype  lies  between  the  narrow 
winding  ridgetops,  broad  uplands,  or  broad 
ridgetops  and  convex  upper  slopes  (Landtypes  1,  2, 
and  3)  and  the  lower  concave  slopes,  terraces,  and 
streambottoms  (Landtypes  8  and  9).  Slope  ranges 
from  6  to  60  percent.  Rock  fragments  are  common 
on  the  surface.  As  much  as  50  percent  of  the  soil 
mass  of  sandy  soils  and  90  percent  of  shaly  soils  may 
be  coarse  fragments. 

Dominant  soils  —  Mountainburg,  Hector,  and  Mon- 
tevallo. 

Bedrock  —  Sandstone  or  siltstone  and  sandy  shale  with 
lenses  of  sandstone. 

Depth  to  bedrock  —  Less  than  20  inches  to  sandstone; 
20  to  40  inches  to  siltstone  or  shale. 

Texture  —  Fine  sandy  loam,  loam,  and  silt  loam;  usu- 
ally channery,  shaly,  or  stony. 

Soil  drainage  —  Well-drained. 

Relative  soil  water  supply  —  High  to  medium.  Irri- 
gated by  subsurface  flow. 

Soil  fertility  —  Moderately  low  to  low. 

Vegetation  —  White  oak,  northern  red  oak,  black  oak, 
chestnut  oak,  hickories,  loblolly  pine,  southern  red 
oak,  scarlet  oak,  shortleaf  pine,  and  Virginia  pine; 
occasional  American  beech.  Dogwood,  persimmon, 
bigleaf  magnolia,  sourwood,  and  switch  cane  are 
common  understory  species. 
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Table  8. — Forest  management  interpretations  for  Landtype  5:  North  Slopes.  Footnotes  appear  on  page  58. 


PRODUCTIVITY 

Site  index 

Average 
Cubic 

annual  growth 
feet  per  acre 

Species 

Natural 
stands' 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
White  oak 
Red  oaks 
Yellow-poplar 

70 
55 
60 

75  \ 

70  J 

(80) 

55 
40  k 

104 
90 

53 

63-69 

71 

133 

84 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Slight  to 
moderate 

Slight  to 
moderate 

Slight  to 
moderate 

moderate 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Virginia  pine 
Shortleaf  pine 
Yellow-poplar 

White  oak 
N.  red  oak 
Black  oak 
S.  red  oak 
Chestnut  oak 

Hickories 
American  beech 
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Description  of  Landtype  6: 

SOUTH  SLOPES 

Geographic  setting  —  Shallow  to  moderately  deep 
soils  on  south-facing  linear  or  nearly  linear  mid- 
slopes.  This  landtype  occurs  between  narrow 
winding  ridgetops,  broad  uplands,  or  broad 
ridgetops  and  convex  upper  slopes  (Landtypes  1, 
2,  and  4)  and  lower  concave  slopes,  terraces,  and 
streambottoms  (Landtypes  8  and  9).  Slope  ranges 
from  6  to  60  percent.  Rock  fragments  are  common 
on  the  surface.  As  much  as  50  percent  of  the  soil 
mass  of  sandy  soils  and  90  percent  of  shaly  soils 
may  be  coarse  fragments.  South-facing  slopes  tend 
to  be  steeper  and  have  shallower  soils  with  higher 
rock  contents  than  north-facing  slopes. 

Dominant  soils  —  Mountainburg,  Hector,  and  Mon- 
tevallo. 

Bedrock  —  Sandstone  or  siltstone  and  sandy  shale 
with  lenses  of  sandstone. 

Depth  to  bedrock  —  Less  than  20  inches  to 
sandstone;  20  to  40  inches  to  siltstone  or  shale. 

Texture  —  Fine  sandy  loam,  loam,  and  silt  loam; 
usually  channery,  shaly,  or  stony. 

Soil  drainage  —  Well-drained. 

Relative  soil  water  supply  —  Medium  to  low. 

Soil  fertility  —  Low  to  very  low. 

Vegetation  —  White  oak,  southern  red  oak,  hick- 
ories, scarlet  oak,  chestnut  oak,  Virginia  pine,  post 
oak,  black  oak,  shortleaf  pine,  red  maple, 
blackgum,  and  black  locust.  Dogwood,  sassafras, 
and  huckleberries  are  common  in  the  understory. 
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Table  9. — Forest  management  interpretations  for  Landtype  6:  South  Slopes.  Footnotes  appear  on  page  58. 


PRODUCTIVITY 

Site  index 

A verage 
Cubic 

annual  growth 
feet  per  acre 

Species 

Natural 
stands' 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
White  oak 
Red  oaks 
E.  redcedar 

60 
50 
50 

65  "\ 
60  J 
30 

45 
35  . 

86 

79 

<41 

45-51 

98 
65 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedli 
mortal 

lity 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Moderate 

Moderate 

Moderate  to 
severe 

Moderate  to 
severe 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Virginia  pine 
Shortleaf  pine 

White  oak 
S.  red  oak 
Chestnut  oak 
Black  oak 

Hickories 
Blackgum 
Black  locust 
Red  maple 
E.  redcedar 
Post  oak 
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Description  of  Landtype  7: 

SANDSTONE  GLADES,  ROCK 
OUTCROPS,  AND  PLATEAU  EDGES 

Geographic  setting  —  Small  to  moderately  large 
areas  of  shallow  soils  and  bare  rock  on  nearly  level 
to  moderately  steep  ridgetops,  slopes,  and  edges  of 
the  Plateau  above  nearly  vertical  cliffs,  and  along 
deeply  incised  streams.  Slope  ranges  from  0  to  45 
percent.  Outcropping  sandstone  occupies  more 
surface  in  some  areas  than  others.  Slope  of  the  rock 
surface  usually  is  5  percent  or  less.  The  very  shal- 
low dark  brown  or  gray  soils  at  the  margins  of  these 
outcrops  contain  a  very  high  percentage  of  organic 
matter.  This  landtype  is  associated  with  Landtypes 
2,  3,  4,  5,  10,  and  11  and  sometimes  with  1.  Its 
extent  varies  from  narrow  strips  to  broad  continu- 
ous areas.  Landtype  7  has  the  lowest  productivity 
of  any  Landtype  in  Subregions  A,  B,  and  C. 

Dominant  soils  —  Mountainburg,  Hector,  and 
Rockland-sandstone. 

Bedrock  —  Predominantly  sandstone  and  conglom- 
erate with  thin  strata  of  shale  or  siltstone  in  places. 

Depth  to  bedrock  —  Less  than  20  inches. 

Texture  —  Fine  sandy  loam,  sandy  loam,  and  loam; 
often  gravelly,  channery,  or  stony. 

Soil  drainage  —  Well-drained  to  somewhat  exces- 
sively drained. 

Relative  soil  water  supply  —  Very  low.  Seepage  is 
common  in  wet  weather,  but  the  soil  dries  quickly. 

Soil  fertility  —  Very  low. 

Vegetation  —  Virginia  pine,  white  oak,  post  oak, 
blackjack  oak,  chestnut  oak,  shortleaf  pine,  hick- 
ories, scarlet  oak,  and  black  locust;  occasional 
winged  elm.  Mountain  laurel,  huckleberries, 
lichens,  and  grasses  are  common  understory 
species. 
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Table  10. — Forest  management  interpretations  for  Landtype  7:  Sandstone  Glades,  Rock  Outcrops,  and  Plateau 
Edges.  Footnotes  appear  on  page  58. 


PRODUCTIVITY 

Site  index 

A verage 
Cubic 

annual  growth 
feet  per  acre 

Species 

Natural 
stands' 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Shortleaf  pine 
Virginia  pine 
Upland  oaks 
E.  redcedar 

50 

50 

(50) 

(30) 

k 

79 
41 

32 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Severe 

Moderate 

Severe 

Severe 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Virginia  pine 


White  oak 
Chestnut  oak 
Shortleaf  pine 
Post  oak 
E.  redcedar 


Hickories 
Winged  elm 
Blackjack  oak 
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Description  of  Landtype  8: 

LOWER  SLOPES,  TERRACES, 

AND  STREAMBOTTOMS  WITH 

GOOD  DRAINAGE 

Geographic  setting  —  Deep  soils  with  good  drainage 
on  level  to  strongly  sloping  concave  lower  slopes, 
stream  terraces,  flood  plains,  and  head  of  hollows 
on  top  of  the  Plateau.  Slope  ranges  from  0  to  15 
percent.  This  landtype  typically  occurs  below 
Landtypes  5  and  6  as  narrow  stringers  associated 
with  the  drainage  network,  but  can  also  occur 
below  Landtypes  1,  2,  3,  or  4  particulaly  near  the 
heads  of  streams.  When  Landtypes  8  and  9  are 
adjacent,  Landtype  8  occupies  a  higher  position  on 
the  landscape.  In  gorges  of  the  Plateau  interior, 
primarily  in  Subregion  C,  this  landtype  occurs 
below  Landtypes  10  and  11  where  stream  cutting 
has  not  carved  through  the  sandstone  caprock  and 
below  Landtypes  12  and  13  where  stream  cutting 
has  carved  through  the  sandstone  caprock  into  the 
underlying  Bangor  limestone.  This  landtype  is  the 
second  most  productive  one  in  the  Region. 

Dominant  soils  —  Barbourville,  Pope,  Ealy,  Philo, 
Clifty;  occasionally  Staser  and  Hamblen. 

Parent  material  —  Alluvium  from  sandstone, 
siltstone,  and  shale  underlain  by  similar  rocks  on 
alluvium  from  sandstone,  shale,  and  limestone 
underlain  by  limestone. 

Depth  to  bedrock  —  4  to  11  feet  or  more. 

Texture  —  Fine  sandy  loam,  loam,  silt  loam;  occa- 
sionally gravelly. 

Soil  drainage  —  Well-drained  to  moderately  well 
drained. 

Relative  soil  water  supply  —  High.  Irrigated  by  sub- 
surface flow. 

Soil  fertility  —  Moderate. 

Vegetation  —  Red  maple,  yellow-poplar,  white  oak, 
blackgum,  sweetgum,  loblolly  pine,  northern  red 
oak;  occasional  American  sycamore,  American 
beech,  yellow  buckeye,  white  ash,  boxelder,  east- 
ern hemlock,  white  basswood,  bigleaf  magnolia, 
cucumbertree,  and  American  elm.  Sourwood, 
dogwood,  and  switch  cane  are  common  in  the  un- 
derstory. 
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Table  1 1 . — Forest  management  interpretations  for  Landtype  8:  Lower  Slopes,  Terraces,  and  Streambottoms 
with  Good  Drainage.  Footnotes  appear  on  page  58. 


PRODUCTIVITY 

A verage 

annual  growth 

Site  index 

Cubic 

feet 

per  acre 

Species 

Natural                    Old-field 

Natural 

Old-field 

stands1                  plantations2 

stands3 

plantations4 

Loblolly  pine 

85                            65 

134 

162 

Shortleaf  pine 

80                            60 

148 

148 

Virginia  pine 

75 

120 

Yellow-poplar 

100 

107 

White  oak 
Red  oaks 

80  \ 
70  J 

57-69 

Sweetgum 

90 

81 

Cottonwood 

(105) 

Bottomland  oaks 

(90) 

MANAGEMENT  PROBLEMS 

Plant 

Seedling                      Equipment 

Erosion 

Windthrow 

competition 

mortal] 

ity                      limitations 

hazard 

hazard 

Severe 

Slight 

Moderate  to 
severe 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 

Least 

desirable 

Acceptable 

desirable 

Yellow-poplar 
Loblolly  pine 
N.  red  oak 
White  ash 
White  basswood 
Sweetgum 
American  sycamore 
Water  oak 
Willow  oak 
Cottonwood 


White  oak 
Shortleaf  pine 
Virginia  pine 
Black  oak 
S.  red  oak 


Red  maple 
Blackgum 
E.  hemlock 
Sourwood 
American  beech 
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Description  of  Landtype  9: 

TERRACES  AND  STREAMBOTTOMS 
WITH  POOR  DRAINAGE 

Geographic  setting  —  Deep  soils  with  poor  drainage 
on  nearly  level  terraces,  streambottoms,  and  up- 
land depressions  on  top  of  the  Plateau.  Slope 
ranges  from  0  to  3  percent.  This  landtype  typically 
occurs  below  Landtypes  5  and  6  as  narrow 
stringers  and  in  depressions  on  broad  undulating 
uplands,  ridgetops,  or  in  saddles  in  association  with 
Landtypes  1,  2,  3,  and  4.  When  Landtypes  8  and  9 
are  adjacent,  Landtype  9  occupies  a  lower  position 
on  the  landscape.  In  gorges  of  the  Plateau  interior, 
primarily  in  Subregion  C,  this  landtype  occurs 
below  Landtypes  10  and  11  where  stream  cutting 
has  not  carved  through  the  sandstone  caprock  and 
below  Landtypes  12  and  13  where  stream  cutting 
has  carved  through  the  sandstone  caprock  into  the 
underlying  Bangor  limestone. 

Dominant  soils  —  Johnsburg,  Stendal,  Atkins, 
Bonair,  and  Lickdale;  occasionally  Prader. 

Parent  material  —  Alluvium  from  sandstone, 
siltstone,  and  shale  underlain  by  similar  rocks  or 
alluvium  from  sandstone,  shale,  and  limestone 
underlain  by  limestone. 

Depth  to  bedrock  —  40  inches  to  6  feet. 

Texture  —  Predominantly  silt  loam,  silty  clay  loam, 
and  loam. 

Soil  drainage  —  Somewhat  poorly  to  very  poorly 
drained. 

Relative  soil  water  supply  —  Very  high  to  high.  Irri- 
gated by  subsurface  flow. 

Soil  fertility  —  Moderate. 

Vegetation  —  Red  maple,  sweetgum,  willow  oak, 
water  oak,  American  sycamore,  loblolly  pine,  and 
yellow-poplar;  occasional  boxelder,  black  willow, 
white  ash,  and  American  elm.  Sphagnum  moss  and 
switch  cane  are  common  in  the  understory. 
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Table  12. — Forest  management  interpretations  for  Landtype  9:  Terraces  and  Streambottoms  with  Poor  Drain- 
age. Footnotes  appear  on  page  58. 


PRODUCTIVITY 

Site  index 

A verage 
Cubic 

annual  growth 
feet  per  acre 

Species 

Natural                    Old-field 
stands1                  plantations2 

Natural 
stands1 

Old-field 

plantations4 

Loblolly  pine 
Sweetgum 
Cottonwood 
Bottomland  oaks 

85                            65 
90 
105 
90 

134 

81 

162 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                      Equipment 
mortality                      limitations 

Erosion 
hazard 

Windthrow 
hazard 

Severe 

Moderate                         Severe 

Slight 

Moderate 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Sweetgum 
Cottonwood 
Water  oak 
Willow  oak 


Loblolly  pine 
Yellow-poplar 
American  sycamore 
White  ash 
American  elm 


Red  maple 
Boxelder 
Black  willow 
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Description  of  Landtype  10: 

SANDSTONE  ESCARPMENTS,  TALUS 

SLOPES,  AND  BENCHES  - 

NORTH  ASPECT 

Geographic  setting  —  Deep  to  very  deep  soils  formed 
in  colluvium  or  alluvium  from  sandstone,  shale, 
and  siltstone  and  underlain  by  sandstone  or  shale. 
Occupies  the  gently  sloping  to  very  steep  upper 
one-third  of  northerly  slopes  that  extend  from  the 
Plateau  escarpment  to  the  valley  floor.  Slope 
ranges  from  2  to  70  percent.  Much  of  the  surface  is 
covered  with  sandstone  boulders  and  fragments. 
At  the  Plateau  exterior  this  landtype  may  be  ab- 
sent if  escarpment  development  has  progressed 
down  to  limestone.  In  gorges  of  the  Plateau  inter- 
ior, primarily  in  Subregion  C,  this  landtype  occurs 
where  stream  cutting  has  carved  into  the  sandstone 
caprock  and  an  escarpment  is  present.  This  land- 
type  is  a  mesic  site  and  has  the  highest  productivity 
of  any  landtype  in  the  Region. 

Dominant  soils  —  Grimsley  and  Jefferson.  Formerly 
mapped  as  Sandstone  rockland  or  Bouldery  collu- 
vial  land. 

Bedrock  —  Sandstone  and  shale. 

Depth  to  bedrock  —  40  inches  to  5  feet  or  more. 

Texture  —  Gravelly  or  cobbly  loam,  silty  clay  loam, 
or  clay  loam;  occasionally  sandy  loam. 

Soil  drainage  —  Well-drained. 

Relative  soil  water  supply  —  Very  high  to  high.  Irri- 
gated by  subsurface  flow  and  seepage. 

Soil  fertility  —  Moderate  to  moderately  low. 

Vegetation  —  Northern  red  oak,  white  oak,  yellow- 
poplar,  loblolly  pine,  American  beech,  white  ash, 
white  basswood,  yellow  buckeye,  black  oak,  black 
cherry,  sugar  maple,  black  locust,  redmaple,  and 
cucumbertree.  Bigleaf  magnolia,  dogwood,  iron- 
wood,  and  devil's  club  are  common  understory 
species. 


32 


Table  13. — Forest  management  interpretations  for  Landtype  10:  Sandstone  Escarpment,  Talus  Slopes,  and 
Benches  -  North  Aspect.  Footnotes  appear  on  page  58. 

PRODUCTIVITY 


Species 


A verage 

ann 

ual  growth 

Site 

index 

Cubic 

feet 

per  acre 

Natural 

Old-field 

Natural 

Old-field 

stands' 

plantations2 

stands3 

plantations4 

(80) 

t 

123 

(75)  \ 

63-69 

(80)  J 

(100) 

107 

(90) 

(90) 

65 

113 

(65) 

70 

Loblolly  pine 
White  oaks 
Red  oaks 
Yellow-poplar 
Black  walnut 
Black  cherry 
Shortleaf  pine 
Virginia  pine 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 

Slight 

Severe 

Moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Yellow-poplar 
N.  red  oak 
Loblolly  pine 
White  ash 
Black  walnut 
Black  cherry 


White  oak 
Black  oak 
White  basswood 
Cucumbertree 
Shortleaf  pine 


American  beech 
Red  maple 
Sugar  maple 
Black  locust 
Bigleaf  magnolia 
Sourwood 


33 


Description  of  Landtype  11: 

SANDSTONE  ESCARPMENTS,  TALUS 

SLOPES,  AND  BENCHES  - 

SOUTH  ASPECT 

Geographic  setting  —  Deep  to  very  deep  soils  formed 
in  colluvium  or  alluvium  from  sandstone,  shale, 
and  siltstone  and  underlain  by  sandstone  or  shale. 
Occupies  the  gently  sloping  to  very  steep  upper 
one-third  of  southerly  slopes,  which  extends  from 
the  Plateau  escarpment  to  the  valley  floor.  Slope 
ranges  from  2  to  70  percent.  Much  of  the  surface  is 
covered  with  sandstone  boulders  and  fragments. 
At  the  Plateau  exterior  this  landtype  may  be  ab- 
sent if  escarpment  development  has  progressed 
down  to  limestone.  In  gorges  of  the  Plateau  inter- 
ior, primarily  in  Subregion  C,  this  landtype  occurs 
where  stream  cutting  has  carved  into  the  sandstone 
caprock  and  an  escarpment  is  present.  This  land- 
type  is  not  as  productive  as  Landtype  1 0,  and  forest 
stands  lack  the  preponderance  of  mesic  species 
found  on  north  aspects. 

Dominant  soils —  Grimsley  and  Jefferson.  Formerly 
mapped  as  Sandstone  rockland  or  Bouldery  collu- 
vial  land. 

Bedrock  —  Sandstone  and  shale. 

Depth  to  bedrock  —  40  inches  to  5  feet  or  more. 

Texture  —  Gravelly  or  cobbly  loam,  silty  clay  loam, 
or  clay  loam;  occasionally  sandy  loam. 

Soil  drainage  —  Well-drained. 

Relative  soil  water  supply  —  Medium  to  low.  Irri- 
gated by  subsurface  flow  and  seepage.  This  land- 
type  is  not  as  moist  as  Landtype  10 

Soil  fertility  —  Moderately  low  to  low. 

Vegetation  —  White  oak,  chestnut  oak,  southern  red 
oak,  black  oak,  black  locust,  hickories,  loblolly 
pine,  shortleaf  pine,  and  Virginia  pine;  occasional 
yellow-poplar,  white  ash,  and  black  cherry.  Dog- 
wood and  sourwood  are  common  understory 
species. 
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Table  14. — Forest  management  interpretations  for  Landtype  10:  Sandstone  Escarpment,  Talus  Slopes,  and 
Benches  -  South  Aspect.  Footnotes  appear  on  page  58. 

PRODUCTIVITY 


Species 


Site  index 

A verage 
Cubic 

annual  growth 
feet  per  acre 

Natural 
stands' 

Old-field 
plantations2 

Natural 
stands' 

Old-field 
plantations4 

65 
65 
65 

k 

113 

70 
51 

Shortleaf  pine 
Virginia  pine 
Upland  oaks 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                      Equipment 
mortality                      limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Moderate                       Severe 

Moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
White  oak 
S.  red  oak 
Black  oak 
Chestnut  oak 
Yellow-poplar 


Hickories 
Black  locust 


Sourwood 
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Description  of  Landtype  12: 

LOWER  SLOPES,  BENCHES,  AND 
SPUR  RIDGES  -  NORTH  ASPECT 

Geographic  setting  —  Shallow  to  very  deep  soils 
formed  in  colluvium  or  alluvium  from  sandstone 
and  shale  and  underlain  by  either  limestone  or 
limestone  residuum.  Occupies  the  gently  sloping 
to  very  steep  lower  two-thirds  of  northerly  slopes 
that  extend  from  the  nearly  vertical  sandstone 
cliffs  to  the  valley  floor,  or  the  entire  northerly 
slopes  of  narrow  spur  ridges  that  extend  into  the 
adjacent  valleys.  Slope  ranges  from  2  to  75  per- 
cent. Sandstone  boulders  may  be  present,  but  up 
to  40  percent  of  the  surface  is  covered  with  lime- 
stone outcrops  and  boulders.  Soil  material  be- 
tween the  rocks  is  compact,  sticky,  heavy  clay. 
Coarse  fragments  in  the  soil  vary  from  less  than  10 
percent  to  65  percent.  This  landtype  usually  oc- 
curs downslope  from  Landtype  10  and  is  less  pro- 
ductive than  north  upper  slopes.  Where  the  es- 
carpment has  developed  down  to  limestone,  how- 
ever, this  landtype  may  extend  from  the  base  of 
the  escarpment  down  to  the  adjoining  valleys.  This 
landtype  does  not  occur  in  gorges  of  the  Plateau 
interior  where  stream  cutting  has  not  carved 
through  the  sandstone  caprock.  Where  stream 
cutting  has  carved  through  the  sandstone  caprock 
into  the  underlying  Bangor  limestone,  this  land- 
type  occurs  below  Landtype  10  and  above  Land- 
types  8  and  9. 

Dominant  soils  —  Bouldin,  Allen,  Nella.  Formerly 
mapped  as  Limestone  rockland  or  Bouldery  collu- 
vial  land. 

Bedrock  —  Limestone. 

Depth  to  bedrock  —  A  few  inches  to  1 0  feet  or  more . 

Texture  —  Gravelly  to  stony  loam,  sandy  clay  loam, 
clay  loam,  and  silt  loam;  occasionally  sandy  loam. 

Soil  drainage  —  Moderately  well-drained  to  well- 
drained. 

Relative  soil  water  supply  —  Low.  Soil  water  removed 
by  deep  percolation  into  the  limestone. 

Soil  fertility  —  Moderately  low. 

Vegetation  —  Southern  red  oak,  post  oak,  eastern 
redcedar,  scarlet  oak,  chestnut  oak,  white  oak, 
hickories,  white  ash,  slippery  elm,  shortleaf  pine, 
Virginia  pine,  and  loblolly  pine.  Redbud,  dogwood, 
winged  elm,  persimmon,  and  ironwood  are  com- 
mon in  the  understory. 
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Table   15. — Forest  management  interpretations  for  Landtype  12:  Lower  Slopes,   Benches,  and  Spur 
Ridges  -  North  Aspect.  Footnotes  appear  on  page  58. 


PRODUCTIVITY 

Site  index 

A verage 
Cubic 

annual  growth 
feet  per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Shortleaf  pine 
Virginia  pine 
Upland  oaks 
E.  redcedar 

65 

70 

(60) 

45 

« 

113 
92 

45 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedli 
morta 

ng 
lity 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 

Slig 

hit 

Severe 

Moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

E.  redcedar 
White  oak 
S.  red  oak 
White  ash 
Loblolly  pine 
Shortleaf  pine 
Virginia  pine 

Hickories 
Post  oak 
Scarlet  oak 
Chestnut  oak 
Slippery  elm 

Dogwood 
Persimmon 
Redbud 
Winged  elm 
Ironwood 
E.  redcedar 
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Description  of  Landtype  13: 

LOWER  SLOPES,  BENCHES,  AND 
SPUR  RIDGES  -  SOUTH  ASPECT 

Geographic  setting  —  Shallow  to  very  deep  soils 
formed  in  colluvium  and  alluvium  from  sandstone 
and  shale  and  underlain  by  either  limestone  or 
limestone  residuum.  Occupies  the  gently  sloping 
to  very  steep  lower  two-thirds  of  south  slopes  that 
extend  from  the  nearly  vertical  sandstone  cliffs  to 
the  valley  floor,  or  the  entire  southerly  slopes  of 
narrow  spur  ridges  that  extend  into  the  adjacent 
valleys.  Slope  ranges  from  2  to  75  percent. 
Sandstone  boulders  may  be  present,  but  up  to  40 
percent  of  the  surface  is  covered  with  limestone 
outcrops  and  boulders.  Soil  material  between  the 
rocks  is  compact,  sticky,  heavy  clay.  Coarse  frag- 
ments in  the  soil  vary  from  less  than  10  percent  to 
65  percent.  This  landtype  usually  occurs 
downslope  from  Landtype  11.  Where  the  escarp- 
ment has  developed  down  to  limestone,  however, 
this  landtype  may  extend  from  the  base  of  the 
escarpment  down  to  the  adjoining  valleys.  This 
landtype  does  not  occur  in  gorges  of  the  Plateau 
interior  where  stream  cutting  has  not  carved 
through  the  sandstone  caprock.  Where  stream 
cutting  has  carved  through  the  sandstone  caprock 
into  the  underlying  Bangor  limestone,  this  land- 
type  occurs  below  Landtype  1 1  and  above  Land- 
types  8  and  9. 

Dominant  soils  —  Bouldin.  Allen,  Nella.  Formerly 
mapped  as  Limestone  rockland  or  Bouldery  collu- 
vial  land. 

Bedrock  —  Limestone. 

Depth  to  bedrock  —  A  few  inches  to  10  feet  or  more. 

Texture  —  Gravelly  to  stony  loam,  sandy  clay  loam, 
clay  loam,  and  silt  loam;  occasionally  sandy  loam. 

Soil  drainage  —  Moderately  well-drained  to  well- 
drained. 

Relative  soil  water  supply  —  Low  to  very  low.  Soil 
water  removed  by  deep  percolation  into  the 
limestone. 

Soil  fertility  —  Low  to  very  low. 

Vegetation  —  Southern  red  oak,  post  oak,  eastern 
redcedar,  chestnut  oak,  white  oak,  scarlet  oak, 
hickories,  white  ash,  slippery  elm,  Virginia  pine, 
shortleaf  pine,  and  loblolly  pine.  Redbud,  dog- 
wood, winged  elm,  persimmon,  and  ironwood  are 
common  in  the  understory. 


38 


Table   16. — Forest  management  interpretations  for  Landtype  13:  Lower  Slopes,   Benches,  and  Spur 
Ridges  -  South  Aspect.  Footnotes  appear  on  page  58. 


PRODUCTIVITY 

Site  index 

A verage 
Cubic 

ann 
feet 

ual  growth 
per  acre 

Species 

Natural 
stands' 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Shortleaf  pine 
Virginia  pine 
Upland  oaks 
E.  redcedar 

60 
60 
50 
40 

« 

102 
53 

32 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Moderate  to 
severe 

Severe 

Moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

E.  redcedar 
S. red  oak 
White  oak 
White  ash 
Shortleaf  pine 
Virginia  pine 
Loblolly  pine 

Post  oak 
Chestnut  oak 
Scarlet  oak 
Hickories 
Slippery  elm 

Dogwood 
Persimmon 
Redbud 
Winged  elm 
Ironwood 
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DESCRIPTIONS  AND  FOREST  MANAGEMENT  INTERPRETATIONS 

FOR  LANDTYPES  IN  SUBREGION 


D.     SHALE  HILLS 
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Description  of  Landtype  14: 

NARROW  RIDGES  AND  CONVEX 
UPPER  SLOPES 

Geographic  setting  —  Moderately  deep  soils  on 
gently  sloping  to  steep,  narrow,  winding  ridgetops 
and  adjoining  convex  upper  slopes.  Slope  ranges 
from  2  to  45  percent.  Shale  fragments  are  com- 
mon on  the  surface.  Up  to  90  percent  of  the  soil 
mass  may  be  coarse  fragments. 

Dominant  soils  —  Enders,  Townley,  and  Montevallo. 

Bedrock  —  Shale  and  siltstone  with  a  few  thin  strata  of 
sandstone. 

Depth  to  bedrock  —  20  inches  to  about  3  feet. 

Texture  —  Fine  sandy  loam,  loam,  and  silt  loam;  often 
shaly. 

Soil  drainage  —  Moderately  well-drained  to  well- 
drained. 

Relative  soil  water  supply  —  Medium  to  low. 

Soil  fertility  —  Moderately  low  to  low. 

Vegetation  —  Loblolly  pine,  Virginia  pine,  shortleaf 
pine,  white  oak,  post  oak,  hickories,  chestnut  oak, 
longleaf  pine,  and  blackgum.  Dogwood,  sour- 
wood,  and  huckleberries  are  common  in  the  un- 
derstory. 
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Table   17. — Forest  management  interpretations  for  Landtype  14:  Narrow  Ridges  and  Convex  Upper 
Slopes.  Footnotes  appear  on  page  58. 


PRODUCTIVITY 

Site  index 

A verage 
Cubic 

annual  growth 
feet  per  acre 

Species 

Natural 
stands' 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
Upland  oaks 

60 
60 
65 

55 

55 
45 

104 
102 

70 
38 

133 
102 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedli 
morta 

ng 
ity 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 

Slight  to 
moderate 

Slight  to 
moderate 

Moderate 

Slight  to 
moderate 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Virginia  pine 
Shortleaf  pine 
Longleaf  pine 

White  oak 
Post  oak 
Chestnut  oak 
S.  red  oak 

Hickories 
Blackgum 
Dogwood 
Sourwood 
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Description  of  Landtype  15: 

BROAD  RIDGES  -  NORTH  ASPECT 

Geographic  setting  —  Moderately  deep  to  deep  soils 
on  gently  sloping  to  steep  north-facing  portions  of 
broad  ridgetops  and  the  adjoining  convex  upper 
slopes.  This  landtype  extends  from  the  ridge  crest 
down  to  where  the  slope  becomes  linear  or  nearly 
so.  At  this  point  there  is  usually  an  obvious  in- 
crease in  gradient.  Slope  ranges  from  0  to  35 
percent.  Shale  fragments  occur  on  the  surface  in 
places.  As  much  as  50  percent  of  the  soil  mass 
may  be  coarse  fragments.  Along  the  western  edge 
of  Subregion  D  in  the  transition  to  the  Upper 
Coastal  Plain,  ridgetops  may  be  capped  with  a  few 
inches  to  several  feet  of  unconsolidated  Coastal 
Plain  sediments.  If  these  sediments  are  extensive, 
this  site  classification  does  not  apply. 

Dominant  soils  —  Enders,  Albertville. 

Bedrock  —  Shale,  siltstone,  with  a  few  thin  strata  of 
sandstone. 

Depth  to  bedrock  —  20  inches  to  about  5  feet. 

Texture  —  Fine  sandy  loam,  loam,  and  silt  loam;  occa- 
sionally shaly. 

Soil  drainage  —  Well-drained. 

Relative  soil  water  supply  —  Medium. 

Soil  fertility  —  Moderate  to  moderately  low. 

Vegetation  —  Shortleaf  pine,  Virginia  pine,  loblolly 
pine,  southern  red  oak,  white  oak,  scarlet  oak, 
hickories,  blackgum,  sweetgum,  and  red  maple; 
occasional  chestnut  oak,  blackjack  oak,  and 
longleaf  pine  particularly  on  the  more  sandy  soils. 
Dogwood,  huckleberries,  hawthorn,  and  sour- 
wood  are  common  in  the  understory. 
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Table  18. 


— Forest  management  interpretations  for  Landtype  15: 
notes  appear  on  page  58. 


Broad  Ridges  -  North  Aspect.  Foot- 


PRODUCTIVITY 

Site  index 

A verage 
Cubic 

ann 
feet 

ual  growth 
per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
Upland  oaks 
Yellow-poplar 
E.  redcedar 

80 
65 
70 
65 
(80) 
40 

60  ' 

45 

123 

113 

92 

51 

71 

148 
102 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 

Slight 

Slight 

Slight  to 
moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Yellow-poplar 
Virginia  pine 
Shortleaf  pine 
Longleaf  pine 


White  oak 
N.  red  oak 
S.  red  oak 
Scarlet  oak 
Chestnut  oak 
Sweetgum 


Hickories 
Blackgum 
Red  maple 
Blackjack  oak 
Sourwood 
Dogwood 
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Description  of  Landtype  16: 

BROAD  RIDGES  -  SOUTH  ASPECT 

Geographic  setting —  Moderately  deep  to  deep  soils 
on  gently  sloping  to  steep  south-facing  portions  of 
broad  ridgetops  and  the  adjoining  convex  upper 
slopes.  This  landtype  extends  from  the  ridge  crest 
down  to  where  the  slope  becomes  linear  or  nearly 
so.  At  this  point  there  is  usually  an  obvious  in- 
crease in  gradient.  Slope  ranges  from  0  to  35 
percent.  Shale  fragments  occur  on  the  surface  in 
places.  As  much  as  50  percent  of  the  soil  mass 
may  be  coarse  fragments.  South-facing  ridges 
tend  to  be  steeper  and  have  shallower  soils  with 
higher  rock  contents  than  north-facing  ridges. 
Along  the  western  edge  of  the  Region,  ridgetops 
may  be  capped  with  a  few  inches  to  several  feet  of 
unconsolidated  Coastal  Plain  sediments.  If  these 
sediments  are  extensive,  this  site  classification 
does  not  apply. 

Dominant  soils  —  Enders,  Albertville. 

Bedrock  —  Shale,  siltstone,  with  a  few  thin  strata  of 
sandstone. 

Depth  to  bedrock  —  20  inches  to  about  3  feet. 

Texture  —  Fine  sandy  loam,  loam,  silt  loam;  occasion- 
ally shaly. 

Soil  drainage  —  Well-drained. 

Relative  soil  water  supply  —  Medium  to  low. 

Soil  fertility  —  Moderately  low  to  low. 

Vegetation  —  Shortleaf  pine,  Virginia  pine,  longleaf 
pine,  southern  red  oak,  scarlet  oak,  white  oak, 
chestnut  oak,  post  oak,  blackjack  oak,  hickories, 
blackgum,  and  loblolly  pine;  occasional  sweetgum 
and  red  maple.  Huckleberries,  hawthorn,  and 
dogwood  are  common  in  the  understory. 
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Table   19. — Forest  management  interpretations  for  Land  type  16:  Broad  Ridges  -  South  Aspect.   Foot- 
notes appear  on  page  58. 

PRODUCTIVITY 


Species 


A verage 

annual  growth 

Site 

index 

Cubic 

feet 

per  acre 

Natural 

Old-field 

Natural 

Old-field 

stands' 

plantations2 

stands3 

plantations4 

70 

55 

104 

133 

55 

40 

90 

84 

60 

53 

55 

38 

35 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
Upland  oaks 
E.  redcedar 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                      limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 

Moderate                      Moderate 

Moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Longleaf  pine 
Virginia  pine 
Shortleaf  pine 


White  oak 
Chestnut  oak 
S.  red  oak 
Scarlet  oak 
Sweetgum 


Hickories 
Blackgum 
Red  maple 
Blackjack  oak 
Post  oak 
Sourwood 
Dogwood 
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Description  of  Landtype  17: 

NORTH  SLOPES 

Geographic  setting  —  Shallow  to  moderately  deep 
soils  on  north-facing  linear  to  nearly  linear  mid- 
slopes.  This  landtype  lies  between  the  narrow 
winding  or  broad  ridgetops  and  convex  upper 
slopes  (Landtypes  14  and  15)  and  the  lower  con- 
cave slopes,  terraces,  and  streambottoms  (Land- 
types  20  and  21).  Slope  ranges  from  6  to  45  per- 
cent. Shale  fragments  are  common  on  the  sur- 
face. Soils  contain  10  to  90  percent  shale  frag- 
ments. 

Dominant  soils  —  Montevallo. 

Bedrock  —  Predominantly  shale. 

Depth  to  bedrock  —  20  to  40  inches. 

Texture  —  Shaly  loam,  shaly  silt  loam. 

Soil  drainage  —  Well-drained. 

Relative  soil  water  supply  —  H  igh  to  medium .  I rriga ted 
by  subsurface  flow. 

Soil  fertility  —  Moderately  low  to  low. 

Vegetation  —  Loblolly  pine,  shortleaf  pine,  Virginia 
pine,  yellow-poplar,  hickories,  southern  red  oak, 
and  white  oak;  occasional  longleaf  pine  and 
blackgum.  Dogwood,  sourwood,  switch  cane,  and 
huckleberries  are  common  understory  species. 
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Table  20. — Forest  management  interpretations  for  Landtype  17:  North  Slopes.   Footnotes  appear  on 
page  58. 

PRODUCTIVITY 


Species 


A verage 

ann 

ual  growth 

Site  index 

Cubic 

feet 

per  acre 

Natural 

Old-field 

Natural 

Old-field 

stands' 

plantations2 

stands3 

plantations4 

70 

55 

104 

133 

60 

45 

102 

102 

60 

53 

60 

45 

(90) 

90 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
Upland  oaks 
Yellow-poplar 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                        Equipment 
mortality                        limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Moderate                           Slight 

Moderate 

Moderate 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 

desirable 

Loblolly  pine 
Yellow-poplar 
Virginia  pine 
Shortleaf  pine 


N.  red  oak 
White  oak 
S.  red  oak 
Longleaf  pine 


Hickories 
Sourwood 
Blackgum 
Dogwood 
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Description  of  Landtype  18: 

SOUTH  SLOPES 

Geographic  setting  —  Shallow  to  moderately  deep 
soils  on  south-facing  linear  to  nearly  linear  mid- 
slopes.  This  landtype  occurs  between  narrow 
winding  ridgetops  or  broad  ridgetops  and  convex 
upper  slopes  (Landtypes  14  and  16)  and  concave 
lower  slopes,  terraces  and  streambottoms  (Land- 
types  20  and  21).  Slope  ranges  from  6  to  45  per- 
cent. Shale  fragments  are  common  on  the  sur- 
face. Soils  contain  10  to  90  percent  shale  frag- 
ments. South-facing  slopes  tend  to  be  steeper  and 
have  shallower  soils  with  higher  rock  contents 
than  north-facing  slopes. 

Dominant  soils  —  Montevallo. 

Bedrock  —  Predominantly  shale. 

Depth  to  bedrock  —  20  to  40  inches. 

Texture  —  Shaly  loam,  shaly  silt  loam. 

Soil  drainage  —  Well-drained. 

Relative  soil  water  supply  —  Medium  to  low.  Irrigated 
by  subsurface  flow. 

Soil  fertility  —  Low. 

Vegetation  —  Virginia  pine,  shortleaf  pine,  hickories, 
southern  red  oak,  white  oak,  loblolly  pine,  and 
longleaf  pine.  Dogwood  and  huckleberries  are 
common  in  the  understory. 


50 


Table  21. — Forest  management  interpretations  for  Landtype  18:  South  Slopes.  Footnotes  appear  on 
page  58. 


PRODUCTIVITY 

Site  index 

A verage 
Cubic 

annual  growth 
feet  per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
Upland  oaks 
E.  redcedar 

65 

55 
55 
50 
40 

50 
40 

95 
90 

41 
32 

117 
84 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedl 
morta 

lity 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Moderate 

Moderate 

Severe 

Moderate 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Virginia  pine 
Shortleaf  pine 

White  oak 
Chestnut  oak 
S.  red  oak 
Longleaf  pine 
Scarlet  oak 

Hickories 
Post  oak 
Dogwood 
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Description  of  Landtype  19: 

SHALE  ROCKLAND  AND 
SHALLOW  SOILS 

Geographic  setting  —  Small  to  moderately  large 
areas  of  very  shallow  soils  and  bare  rock  on  mostly 
steep  and  very  steep  slopes  in  association  with 
Landtypes  14,  17,  and  18.  Also  common  along 
deeply  incised  streams.  Slope  ranges  from  15  to 
over  45  percent.  This  landtype  has  the  lowest 
productivity  of  any  landtype  in  Subregion  D. 

Dominant  soils  —  Rockland-shale  and  sandstone, 
Pottsville. 

Bedrock  —  Predominantly  shale  with  strata  of 
siltstone  and  sandstone  in  places. 

Depth  to  bedrock  —  Less  than  10  inches. 

Texture  —  Shaly  silt  loam,  loam,  and  fine  sandy  loam. 

Soil  drainage  —  Well-drained  to  somewhat  exces- 
sively drained. 

Relative  soil  water  supply  —  Very  low.  Seepage  oc- 
curs in  wet  weather,  but  the  soil  dries  quickly. 

Soil  fertility  —  Very  low. 

Vegetation  —  Virginia  pine,  southern  red  oak, 
chestnut  oak,  and  hickories.  Grasses,  lichens, 
huckleberries,  and  winged  elm  are  common  in  the 
understory. 
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Table  22. — Forest  management  interpretations  for  Landtype  19:  Shale  Rockland  and  Shallow  Soils. 
Footnotes  appear  on  page  58. 


PRODUCTIVITY 

Site  index 

Average 
Cubic 

annual  growth 
feet  per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
pianiauuiib 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 

60 
50 
50 

» 

86 

79 

<41 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedli 
morta 

ng 

lity 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Severe 

Moderate 

Severe 

Severe 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Virginia  pine 
Loblolly  pine 
Shortleaf  pine 

Chestnut  oak 
S.  red  oak 
Scarlet  oak 

Hickories 
Winged  elm 
Post  oak 
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Description  of  Landtype  20: 

LOWER  SLOPES,  TERRACES,  AND 

STREAMBOTTOMS  WITH 

GOOD  DRAINAGE 

Geographic  setting  —  Moderately  deep  to  deep  soils 
with  good  drainage  on  level  to  strongly  sloping 
concave  lower  slopes,  stream  terraces,  flood 
plains,  and  heads  of  hollows.  Slope  ranges  from  0 
to  6  percent.  This  landtype  occurs  below  Landtype 
17  and  18  as  narrow  stringers  associated  with  the 
drainage  network.  When  Landtypes  20  and  21  are 
adjacent,  Landtype  20  occupies  a  higher  position 
on  the  landscape.  Landtype  20  is  the  most  pro- 
ductive one  in  Subregion  D. 

Dominant  soils  —  Leadvale,  Sequatchie,  Philo. 

Parent  material  —  Alluvium  from  shale,  siltstone,  and 
possibly  sandstone  underlain  by  shale. 

Depth  to  bedrock  —  3.5  feet  or  more.  Leadvale  soils 
have  a  fragipan  at  depths  of  16  to  38  inches. 

Texture  —  Mostly  silt  loam,  but  can  range  to  sandy 
loam  in  Philo. 

Soil  drainage  —  Well-drained  to  moderately  well- 
drained. 

Relative  soil  water  supply  —  High.  Irrigated  by  sub- 
surface flow. 

Soil  fertility  —  Moderate. 

Vegetation  —  Yellow-poplar,  sweetgum,  loblolly  pine, 
white  oak,  northern  red  oak,  southern  red  oak, 
scarlet  oak,  shortleaf  pine,  and  red  maple;  occa- 
sional American  sycamore  and  Cottonwood.  Dog- 
wood and  switch  cane  are  common  in  the  under- 
story. 
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Table  23. — Forest  management  interpretations  for  Landtype  20:  Lower  Slopes,   Terraces,  and  Stream- 
bottoms  with  Good  Drainage.  Footnotes  appear  on  page  58. 


PRODUCTIVITY 

A verage 

annual  growth 

Site  index 

Cubic 

feet  per  acre 

Species 

Natural 

Old-field 

Natural 

Old-field 

stands' 

plantations2 

stands3 

plantations4 

Loblolly  pine 

85 

65 

134 

162 

Shortleaf  pine 

75 

55 

136 

134 

Upland  oaks 

75 

63 

Yellow-poplar 

100 

107 

Sweetgum 

90 

81 

Bottomland  oaks 

80 

American  sycamore 

(90) 

Cottonwood 

(105) 

MANAGEMENT  PROBLEMS 

Plant 

Seedling 

Equipment 

Erosion 

Windthrow 

competition 

mortality 

limitations 

hazard 

hazard 

Moderate  to 

Slight 

Slight  to 

Slight 

Slight 

severe 

moderate 

SPECIES  DESIRABILITY 

Most 

Least 

desirable 

Acceptable 

desirable 

Yellow-poplar 

White  oak 

Red  maple 

Loblolly  pine 

N.  red  oak 

Dogwood 

Sweetgum 

S.  red  oak 

American  sycamore 

Shortleaf  pine 

Cottonwood 

Scarlet  oak 
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Description  of  Landtype  21: 

TERRACES  AND  STREAMBOTTOMS 
WITH  POOR  DRAINAGE 

Geographic  setting  —  Moderately  deep  to  deep  soils 
with  poor  drainage  on  nearly  level  streambot- 
toms,  terraces,  and  upland  depressions.  Slope 
ranges  from  0  to  3  percent.  This  landtype  occurs 
below  Landtypes  17  and  18  as  narrow  stringers 
and  in  depressions  on  broad  ridgetops  and  in  sad- 
dles in  association  with  Landtypes  14,  15,  and  16. 
When  Landtypes  20  and  21  are  adjacent,  Land- 
type  21  occupies  a  lower  position  on  the  land- 
scape. 

Dominant  soils  —  Tyler,  Stendal,  Atkins. 

Parent  material  —  Alluvium  from  shale,  siltstone,  or 
possibly  sandstone  underlain  by  shale. 

Depth  to  bedrock  —  4  feet  or  more. 

Texture  —  Mostly  silt  loams. 

Soil  drainage  —  Somewhat  poorly  to  poorly  drained. 

Relative  soil  water  supply  —  Very  high  to  high.  Irri- 
gated by  subsurface  flow. 

Soil  fertility  —  Moderate  to  moderately  low. 

Vegetation  —  Sweetgum,  red  maple,  yellow-poplar, 
loblolly  pine,  white  oak,  American  sycamore,  wil- 
low oak,  and  water  oak;  occasional  cottonwood. 
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Table  24. — Forest  management  interpretations  for  Landtype  21:  Terraces  and  Streambottoms  with 
Poor  Drainage.  Footnotes  appear  on  page  58. 
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FOOTNOTES  FOR  TABLES  4-24 

1  Site  indices  for  each  naturally  occurring  species,  except  those  for  upland  oaks  and  those  enclosed  in 
parentheses,  are  the  means  of  values  from  soil  survey  interpretations  issued  by  the  SCS  for  the  dominant  soils 
in  each  landtype  (Beck  1962,  Broadfoot  1960,  Broadfoot  and  Krinard  1959,  Nelson  and  others  1961,  and 
U.S.  Forest  Service  1929).  Site  indices  for  white  oak  and  red  oaks  were  derived  from  Smalley's  (1967) 
soil-site  study  and  Schnur's  (1937)  site  index  curves.  Estimated  site  indices  are  enclosed  in  parentheses.  Base 
age  is  50  years  for  all  naturally  grown  species  except  cottonwood,  for  which  it  is  30  years. 

2  Adapted  from  Smalley  and  Bower's  (1971)  site  curves,  base  age  25  years. 

3  Annual  growth  of  natural  stands  calculated  from  published  yields  at  50  years:  Yellow-poplar  —  (McCarthy 
1933,  Table  17),  inside-bark  volume  to  a  3.0-inch  i.b.  top;  trees  >4.5"  d.b.h.;  Sweetgum  —  Winters  and 
Osborne  1935,  Table  13),  inside-bark  volume  to  a  4.0-inch  i.b.  top,  trees  >4.5"  d.b.h.;  Upland  oaks  — 
(Schnur  1937,  Table  2,  Column  12),outside-bark  volume  to  a  4.0-inch  o.b.  top,  trees>4.5"  d.b.h.;  Virginia 
pine  —  (Nelson  and  others  1961,  Table  4),  outside-bark  volume  to  a  4.0-inch  o.b.  top,  trees  >3.5"  d.b.h.; 
Loblolly  and  shortleaf  pines  —  (U.S.  Forest  Service  1929,  Tables  44  and  108),  total  volume  outside  bark, 
trees  >3.5"  d.b.h. 

4  Annual  growth  of  loblolly  and  shortleaf  pine  plantations  calculated  from  yields  at  40  years  assuming  1,000 
seedlings  planted  per  acre  (Smalley  and  Bailey  1974a,  1974b),  outside-bark  volume  to  a  4.0-inch  o.b.  top, 
trees  >4.5"  d.b.h. 
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Energy  Production  from  Hardwoods 
Growing  on  Southern  Pine  Sites 

JOSEPH  KARCHESY  AND  PETER  KOCH 


Summary 

Hardwoods  on  pine  sites  are  a  virtually  untapped 
source  of  biomass  for  conversion  to  energy.  This 
resource  is  substantial;  above-ground  stems  5  inches 
and  larger  in  d.b.h.  total  about  49.2  billion  ft3 
amounting  to  about  888  million  tons  of  wood  and 
bark,  ovendry.  Complete-tree  biomass,  including 
branches  and  central  root  systems  of  these  trees,  and 
those  too  small  to  be  surveyed,  probably  totals  at 
least  100  billion  ft3,or  1,805  million  tons,  ovendry. 

Direct  combustion  is  the  most  promising  process 
for  converting  such  biomass  to  energy  -principally 
in  the  form  of  heat  for  process  steam.  A  wide  array 
of  burners  is  available,  ranging  from  highly  efficient 
domestic  stoves  to  industrial  systems  such  as  fuel 
cell  burners,  inclined-grate  furnaces,  spreader  stok- 
ers, suspension-fired  burners,  cyclonic  furnaces,  and 
fluidized-bed  burners.  Average  heat  of  combustion 
(higher  heating  value)  for  ovendry  stemwood  of  pine- 
site  hardwoods  is  about  7,827  Btu  per  pound;  bark 
and  branchwood  have  slightly  less  heat  content. 
Moisture  content  of  pine-site  hardwood  stemwood 
averages  about  73.5  percent  of  dry  weight;  that  of 
bark  averages  67.6  percent.  As  a  replacement  for 
natural  gas  (at  $2  per  million  Btu)  to  generate  steam, 
pine-site  hardwoods  have  a  fuel  value  of  about  $15 
per  green  ton,  and  when  used  to  replace  oil  the 
value  is  slightly  higher. 

Fuel  costs,  however,  are  only  one  consideration 
in  the  total  economic  picture.  Wood-fired  boilers 
cost  more  and  are  more  expensive  to  maintain  than 
oil-  or  gas-fired  units.  The  key  to  economic  success 


in  use  of  wood  for  heat  energy  is  development  of 
harvesting  systems  that  deliver  wood  to  the  plant 
fuel  pile  at  low  cost. 

Gasification  of  wood  is  a  versatile  process  that 
can  lead  to  a  number  of  energy-related  products. 
After  direct  combustion,  gasification  with  on-site 
combustion  of  the  low  Btu  producer  gas  appears  to 
be  the  best  alternative  for  conversion  of  the  pine- 
site  hardwoods  to  heat  energy.  With  the  develop- 
ment of  fuel  cells,  producer  gas  may  be  used  in  the 
future  to  generate  electricity.  Synthesis  gas  (the  hy- 
drogen and  carbon  monoxide  components  of  pro- 
ducer gas)  can  be  converted  to  many  important  fuels 
and  chemicals,  but  none  seem  economically  com- 
petitive when  produced  by  this  route  until  at  least 
the  end  of  the  century,  barring  unforeseen  disrup- 
tions in  the  world  distribution  system  for  oil. 

Charcoal  manufacture  is  a  well  established  indus- 
try. Opportunities  may  exist  for  further  development 
of  plants  that  effectively  use  the  off-gases. 

Liquefaction  processes  yielding  a  wood  oil  are 
possible,  but  appear  not  economically  competitive. 
Hydrolysis  of  wood  and  subsequent  conversion  of 
sugars  and  lignin  to  yield  ethanol,  furfural,  and  phenol, 
or  to  produce  a  yeast  for  protein  supplement  have 
yet  to  be  proven  economically  competitive.  Prehy- 
drolysis  products  from  waste  streams  of  primary 
wood  products  plants  have  achieved  some  economic 
success. 

In  summation,  wood  fuel  will  be  increasingly  used 
by  the  forest  products  industry,  however  the  indus- 
try will  probably  depend  partially  on  gas  and  oil  for 
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as  long  as  they  are  available;  coal  will  supply  per- 
haps one-fourth  of  the  industry's  fuel  needs  by  the 
end  of  the  century.  Oil  and  gas  will  continue  to  be 
the  primary  feed  stocks  for  organic  chemicals  through 
the  turn  of  the  century.  For  better  chemical  utiliza- 
tion of  wood,  research  should  focus  on  making  the 
ligno-cellulosic  complex  accessible  to  chemical  and 
biological  action,  increased  use  of  cellulose  and  lig- 
nin  as  polymers,  producing  specialized  chemicals, 
and  catalyst  research  and  development.  Economic 
feasibility  of  all  processes  to  convert  forest  residues 
into  energy  depends  largely  on  the  cost  of  wood; 
development  of  appropriate  harvesting  equipment 
is,  therefore,  the  number  one  research  priority. 

CHAPTER  1 

Introduction 

The  United  States  uses  about  one-third  of  the  to- 
tal energy  produced  in  the  world.  Since  the  1973  oil 
embargo,  we  have  become  aware  that  our  energy 
sources  are  not  inexhaustible;  and,  they  are  no  longer 
cheap.  We  are  compelled,  therefore,  to  assess  our 
energy  needs  for  the  future  and  to  seek  new  sources. 

The  amounts  of  energy  consumed  today  are  very 
large  and  are  therefore  measured  in  millions  of  bar- 
rels per  day  oil  equivalent  or  in  quads.  A  barrel  of 
oil  has  a  heat  content  of  5.55  million  British  thermal 
units  (Btu)  (Exxon  Company  1978).  One  quad  is  equal 
to  1015  Btu's  or  about  494,000  barrels  of  oil  per  day 
for  a  year,  as  follows: 


1  quad 


1015  Btu 


5.55  x  106  Btu/barrel  x  365  days 
493,644  barrels/day 


The  Department  of  Energy  (1978)  has  projected 
that  by  1990  the  total  consumption  of  energy  by  the 
United  States  could  range  from  100.7  to  109.4  quads 
per  year. 

In  another  projection  of  demand  (Exxon  Company 
1978),  the  United  States  is  forecast  to  increase  its 
energy  consumption  from  38  million  barrels  per  day 
oil  equivalent  (just  under  77  quads  annually)  in  1977 
to  51  million  barrels  per  day  oil  equivalent  (103 
quads  annually)  by  1990.  The  assumptions  made  in 
this  projection  include  the  following:  the  growth 
rate  of  the  gross  national  product  will  be  just  under 
3.6  percent  annually;  environmental  goals  will  be 
achieved  at  a  rate  comparable  with  economic  growth; 
and  oil  imports  will  be  available  at  a  price  that  will 
increase  at  about  the  same  rate  of  inflation. 

Oil  will  remain  the  predominant  fuel  through  1990 
(fig.  1-1).  However,  oil  imports  will  have  to  increase 


from  about  45  percent  of  the  total  oil  supply  in  1977 
to  about  57  percent  of  the  supply  in  1983  and  then 
will  decline  slightly  through  1990.  Gas  will  have  lim- 
ited availability  and  will  decline  to  about  17  percent 
of  our  energy  base  by  1990.  Nuclear  energy  (which 
is  limited  to  electric  utility  use)  will  increase  to  10 
percent  of  our  energy  base.  Hydroelectric  and  geo- 
thermal  energy  have  small  growth  potentials  due  to 
the  limited  number  of  sites  where  such  energy  is 
available. 

Coal  reserves  in  the  United  States  are  substantial. 
The  Department  of  Energy  estimates  that  the  proven 
domestic  reserve  amounts  to  about  4,000  quads  (fig. 
1-2).  However,  logistical  and  technological  gaps  pre- 
vent us  from  fully  using  this  potential  now.  Extensive 
research  and  development  are  underway  to  find 
methods  for  converting  coal  into  fuels  that  are  eco- 
nomically acceptable  and  environmentally  clean. 
Coal  usage  is  expected  to  grow  from  18  percent  of 
our  energy  base  in  1977  to  27  percent  in  1990. 

Among  potential  sources,  one  that  has  generated 
considerable  interest  — mainly  because  it  is  renew- 
able—is biomass.  that  is,  living  matter.  For  example, 
the  U.S.  Department  of  Energy  is  assessing  the  tech- 
nical and  economic  feasibility  of  using  intensively 
managed,  short-rotation  tree  farms  as  a  source  of 
energy  for  the  future. 

Essentially,  biomass  is  a  form  of  stored  solar  ener- 
gy. That  is,  green  plants  use  sunlight  as  energy  in 
photosynthesis  to  convert  carbon  dioxide  (CO2)  and 
water  (H2O)  to  higher  energy  products,  that  is  car- 
bohydrates (CH20)n  and  oxygen  (O2).  While  carbo- 
hydrates are  the  principal  organic  products  of  photo- 
synthesis, plants  can  produce  other  compounds  such 
as  hydrocarbons,  fats,  and  proteins  in  the  process 
(Calvin  1976,  Bassham  in  press).  Overall  photosyn- 
thetic  conversion  efficiency  for  plants  in  the  tem- 
perate zone  ranges  from  0.1  to  1  percent  of  the  total 
available  sunlight.  Calvin  (1976)  envisions  that  even- 
tually a  synthetic  system  will  be  developed  to  simu- 
late plant  photosynthesis  to  produce  renewable  fuel. 

Estimates  of  the  annual  storage  of  solar  energy  in 
the  U.S.  biomass  system  are  as  high  as  80  quads  a 
year  (Falkehag  1977).  The  U.S.  Department  of  Ener- 
gy estimates  7  to  8  quads  are  produced  annually  in 
our  forests  (Del  Gobbo  1978).  Standing  available  for- 
ests contribute  about  300  quads  to  the  proven  reserves 
of  energy  in  the  U.S.  (fig.  1-2). 

The  equivalent  of  about  4  quads  of  our  forests  are 
harvested  annually  for  lumber  and  paper  products. 
These  products  are  more  valuable  than  fuel.  How- 
ever, the  residues  from  these  resources  can  be,  and 
perhaps  should  be,  utilized  for  energy. 
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Figure  1-1 .  —  U.S.  energy  supply  projected  to  1 990.  Top  line  represents  100  percent  of  the  energy  supply  which  is  broken  do  wn  into  con- 
tributing percentages  from  oil.  gas.  coal,  and  nuclear  energy,  and  the  group  hydro,  geothermal  and  solar  energy  t Drawing 
after  Exxon  Company,  1978.) 
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Figure  1-2.  —  Proven  reserves  of  energy  in  the  U.S.  Renewable  reserves  are  considered  to  be  730  million  acres  of  standing  forests  with  an 
annual  production  of  7  to  8  quads.  Oil,  gas.  and  coal  are  the  non-renewable  resources.  Coal  is  the  largest  reserve  with  about 
4.000  quads  of  energy.  (Drawing  from  Department  of  Energy. I 


The  forest  products  industry  already  produces 
about  1  quad  of  energy  from  its  residues.  In  the 
near  term,  an  additional  0.5  to  1.0  quad  could  be 
realized  from  combined  forestry  and  agricultural 
residues.  The  projected  contribution  of  biomass  to 
our  national  energy  requirements  by  the  year  2000 
ranges  from  3  to  8  quads  (Del  Gobbo  1978,  Zerbe 
1977).  To  aid  in  achieving  this  goal,  the  Department 
of  Energy  has  established  a  Fuels  from  Biomass  Pro- 
gram. Its  objective  is  to  develop  technologies  for  the 
preparation,  harvest,  and  conversion  of  renewable 
biomass  into  clean  fuels,  petrochemical  substitutes, 
and  other  energy-intensive  products  (Del  Gobbo 
1978). 

In  the  South,  hardwoods  growing  on  pine  sites 
are  a  virtually  unused  source  of  biomass.  Over  the 
years  attempts  to  use  these  hardwoods  have  been 
thwarted  by  the  diversity  of  species,  scattered  occur- 
rence, smallness  and  shortness  of  boles,  branchiness 
of  crowns,  and  prevalence  of  knots.  Therefore,  most 
of  these  hardwoods  are  destroyed  during  site  prep- 
aration for  pine  — a  destruction  that  is  wasteful  and 
costly  (perhaps  $85  per  acre).  Economic  uses  for 
these  hardwoods  would  be  desirable  and  at  least  two 
utilization  schemes  have  been  proposed  (Goldstein 
et  al.  1978,  Koch  1978).  In  the  energy  self-sufficient 
Koch  approach,  a  new  harvesting  and  utilization 
system  known  as  BRUSH  (Biomass  Recovery  and 
Utilization  with  Shaping-Lathe  Headrigs)  could  re- 
cover 67  percent  of  the  tree  biomass  of  all  species 
as  solid  wood  products.  In  the  Goldstein  et  al.  ap- 
proach, entire  hardwood  trees  are  chipped  in  the 
woods.  Such  chips  can  be  used  for  fuel,  production 
of  chemicals,  or  fiberboard. 

In  the  chapters  that  follow,  we  will  review  the 
potential  of  using  the  pine-site  hardwoods,  or  their 
residues  from  manufacturing  processes,  as  a  source 
for  energy,  fuels  and  chemicals.  Conversion  processes 
that  are  available  or  near  at  hand  will  be  described, 
and  potential  uses  and  economics  of  the  conversion 
products  will  be  discussed. 

CHAPTER  2 

The  Raw  Material 

2-1  The  Resource 

The  total  hardwood  resource  of  the  South  recently 
was  estimated  at  113.7  billion  ft3  which  amounts  to 
2,051  million  tons  of  ovendry  wood  and  bark.  This 
resource,  which  is  spread  over  12  states,  can  be 
divided  into  that  on  southern  pine  sites  and  that  on 
hardwood  sites.  Pine  sites  are  defined  as  forested  up- 
lands, excluding  those  growing  cove-type  hardwoods, 


that  support  southern  pine  or  show  evidence,  like 
stumps,  of  its  former  occurrence.  Hardwoods  on 
pine  sites  total  about  49.2  billion  ft3  of  wood  (888 
million  tons  of  wood  and  bark,  ovendry)  or  43  per- 
cent of  the  total  hardwood  inventory  (table  2-1). 

How  have  pine  sites  become  so  heavily  invaded  by 
hardwoods?  In  most  of  the  South,  plant  succession  — 
the  replacement  of  one  plant  community  by  another 
—  climaxes  with  a  hardwood  forest  (Billings  1938, 
Quarterman  and  Keever  1962).  Establishment  of  pine 
stands  requires  the  absence  of  heavy  litter  and  free- 
dom from  competing  plant  cover;  wildfires  often 
provide  these  conditions  and  check  the  succession 
to  hardwoods.  However,  man  has  largely  excluded 
fire  from  the  forest,  thus  favoring  the  shade-tolerant 
hardwoods. 

About  90  percent  of  the  total  hardwood  volume 
on  southern  pine  sites  is  composed  of  23  species 
or  species  groups  representing  10  genera  (table  2-2). 
The  inventoried  hardwoods  (table  2-3)  are  only  about 
one-half  of  the  total  hardwood  biomass  (excluding 
foliage)  grown  on  these  sites;  the  other  half  is  in 
roots,  stumps,  and  branches  of  inventoried  stems 
and  in  trees  smaller  than  5  inches  d.b.h. 

Oaks  comprise  47  percent  of  the  12-state  volume 
of  hardwoods  on  pine  sites.  Sweetgum  and  white  oak 
are  the  leading  species,  each  with  an  inventory  of 
more  than  6  billion  ft3. The  hickories,  third  in  abun- 
dance, are  widespread,  though  on  pine  sites  their 
quality  tends  to  be  poor.  The  five  most  abundant 
pine  site  hardwoods,  sweetgum,  white  oak,  hickory, 


Table  2-1.—  Volume  of  all  hardwoods  on  pine  sites  and  hardwood 
sites  in  12  Southern  States  (Christopher  et  al.  1976)' 


All 

Pine 

Hardwood 

sites 

sites 

sites 



■-Million  cubic 

, 

Alabama 

10,886 

6,456 

4,430 

Arkansas 

11,174 

4,926 

6,248 

Florida 

5,461 

1,078 

4,383 

Georgia 

12,999 

6,600 

6,399 

Louisiana 

9,879 

3,085 

6,794 

Mississippi 

8,416 

3,827 

4,589 

North  Carolina 

17,074 

6,838 

10,236 

Oklahoma 

1,601 

633 

968 

South  Carolina 

8,093 

3,358 

4,735 

Tennessee 

10,255 

3,724 

6,531 

Texas 

4,222 

2,593 

1,629 

Virginia 

13,651 

6,118 

7,533 

113,711 

49,236 

64,475 

'  From  source  data  gathered  during  1964-1974  on  systematic 
sample  plots  2  to  4  miles  apart.  The  volume  is  expressed  in  cubic 
feet  inside  bark  of  trees  from  stump  to  a  minimum  4-inch  top  di- 
ameter (outside  bark)  of  stem.  All  trees  5  inches  in  diameter  at 
breast  height  are  included. 


Table  2-2.—  The  major  hardwood  species  on  pine  sites 


Common  name 


Botanical  name 


Ash,  green  Fraxinus  pennsylvanica  Marsh. 

Ash,  white  F.  ameriana  L. 

Elm,  American  Ulmus  americana  L. 

Elm,  winged  U.  alata  Michx. 

Hackberry  Celtis  spp. 

Hickory  Carya  spp. 

Maple,  red  Acer  ruhrum  L. 

Oak,  black  Quercus  velutina  Lam. 

Oak,  blackjack  Q.  marilandica  Muenchh. 

Oak,  cherrybark  Q.  falcata  Michx.  var.  pagodaefolia  Ell. 

Oak,  chestnut  Q.  prinus  L. 

Oak,  laurel  Q.  laurifolia  Michx. 

Oak,  northern  red  Q.  rubra  L. 

Oak,  post  Q.  stellata  Wangenh. 

Oak,  scarlet  Q.  coccinea  Muenchh. 

Oak  Shumard  Q.  shumardiiB\ick\. 

Oak  southern  red  Q-  falcata  Michx. 

Oak,  water  Q.  nigra  L. 

Oak,  white  Q.  alba  L. 

Sweetbay  Magnolia  virginiana  L. 

Sweetgum  Liquidambar  styraciflua  L. 

Tupelo,  black  Nyssa  sylvatica  Marsh. 

Yellow-poplar  Liriodendron  tulipifera  L. 


Table  2-3.  —  Species  volumes  on  pine  sites  in  the  12  southern  states 


Proportion  of 

Species 

Volume 

pine  site 

hardwood  volume 

Million 
cubic  feet 

Percent 

Sweetgum 

6,508 

13.2 

Oak.  white 

6.058 

12.3 

Hickory,  spp. 

4,173 

8.5 

Oak,  southern  red 

3,994 

8.1 

Oak.  post 

3,444 

7.0 

Yellow-poplar 

3,421 

7.0 

Tupelo,  black 

2,710 

5.5 

Oak,  water 

2.332 

4.7 

Oak.  chestnut 

2.102 

4.2 

Oak,  black 

1,949 

4.0 

Oak,  scarlet 

1.799 

3.6 

Maple,  led 

1,751 

3.6 

Oak.  northern  red 

1,169 

2.4 

Oak.  laurel 

683 

1.4 

Elm,  spp. 

668 

1.4 

Oak,  cherrybark 

579 

1.2 

Ash.  spp. 

441 

.9 

Sweetbay 

300 

.6 

( )ak,  Shumard 

120 

.2 

Hackberry.  spp. 

57 

.1 

Other  hardwoods 

4,978 

10.1 

Total  hardwoods 

49.236 

100.0 

Compiled  from  data  of  Christopher  et  al.  (1976) 


southern  red  oak,  and  post  oak.  and  the  seventh, 
black  tupelo,  are  well  representee  in  all  12  States. 
Yellow-poplar,  scarlet  oak,  and  chestnut  oak  are 
scarce  or  absent  west  of  the  Mississippi  and  in  Flori- 
da. Black  oak  is  plentiful  except  in  Florida,  " 
Louisiana,  and  Oklahoma.  Among  other  species 
making  up  2  percent  or  more  of  the  hardwood  on 
pine  sites,  red  maple  is  well  distributed  except  in 
Oklahoma,  water  oak  is  scarce  only  in  Tennessee 
and  Oklahoma,  and  northern  red  oak  is  scarce  in 
the  Gulf  States. 

Many  factors  make  using  these  hardwoods  diffi- 
cult. Trees  are  often  scarred  and  defective  from 
fires  and  from  previous  pine  harvesting.  Thev  are 
slow  growers  because  the  sites  are  not  right  for  them 
—  trees  6  inches  in  diameter  at  breast  height  are 
typically  40  years  of  age  (Manwiller  1974).  They  are 
short  and  crooked  in  bole.  The  low  cubic  content 
per  stem,  the  highly  variable  species  mix  from  stand 
to  stand  and  even  from  site  to  site  within  stands. 
and  the  low  volume  per  acre  all  combine  to  raise 
harvesting  costs.  Moreover,  the  value  of  the  trees 
after  harvest  is  low.  Knots  and  other  defects,  short 
lengths,  and  small  diameters  preclude  any  hope  of 
sawing  quality  lumber  in  conventional  lengths.  Not 
least  among  the  problems  is  that  of  maintaining  a 
species  mix  suitable  for  a  manufacturing  operation 
(Barber  1975). 

Offsetting  these  disadvantages  are  some  advant- 
ages. The  resource  is  distributed  throughout  the 
southern  pinery  and  therefore  is  available  near  many 
potential  consumers.  Because  the  volumes  are  sub- 
stantial, they  can  supply  a  market  of  almost  any 
realizable  size— and  at  a  variety  of  locations.  A  sup- 
ply will  always  exist  because  on  many  sites  hard- 
woods replace  southern  pines  in  natural  succession, 
and  certain  sites,  such  as  areas  bordering  intermit- 
tent streams  in  uplands,  will  remain  in  hardwoods 
for  environmental  reasons.  Stumpage  cost  is  low. 
thus  leaving  much  of  the  final  product  value  for 
harvest  and  manufacture.  New  industries  based  on 
these  hardwoods  can  be  located  in  depressed  rural 
areas  where  labor  is  readily  available,  and  local  com- 
munities are  frequently  eager  to  help  in  plant 
establishment.  Finally,  factories  utilizing  these  hard- 
woods can  be  energy  self-sufficient  (Barber  1975). 

Improved  utilization  of  hardwoods  from  all  sites 
should  hasten  the  time  when  wood  production  can 
be  maximized  by  concentrating  hardwood  manage- 
ment on  sites  best  suited  for  hardwoods  and  pine 
production  on  lands  best  suited  for  pines.  Hardwood 
sites  intermingled  with  pine  lands  will  permit  a  de- 
sirable pattern  of  diversity  in  most  areas.  Moreover. 


substantial  acreages  suitable  for  high  production  of 
either  hardwoods  or  pine  are  available;  these  lands 
can  be  allocated  to  either  species  group  as  needed 
to  balance  demands,  not  only  for  industrial  wood 
products,  but  for  wildlife  habitat,  recreational  areas, 
visually  pleasing  landscapes,  and  water  management. 
2-2  Physical  and  Chemical  Characteristics 

To  assess  the  energy  potential  of  pine-site  hard- 
woods, it  is  necessary  to  know  their  specific  gravity, 
moisture  content,  heat  content,  and  chemical  make- 
up. 

Stemwood  specific  gravity  (based  on  ovendry 
weight  and  green  volume)  ranges  from  0.40  in  yellow- 
poplar  to  0.67  in  post  oak.  Bark,  which  constitutes 
about  18.8  percent  of  above-ground  biomass  (foliage 
excepted)  in  6;inch  trees  ranges  in  specific  gravity 
from  0.34  in  winged  elm  to  0.64  in  blackjack  and 
northern  red  oaks  (table  2-4). 

Moisture  content  of  stemwood  averages  73.5  per- 
cent of  ovendry  weight  (42  percent  wet  basis);  bark 


averages  67.5  percent  moisture  content  on  a  dry 
basis  and  40  percent  on  a  wet  basis  (table  2-4).  Yel- 
low-poplar stemwood  has  highest  moisture  content 
at  125.8  percent  of  ovendry  weight  (56  percent  on  a 
wet  basis). 

Heats  of  combustion  of  stemwood,  stembark, 
branchwood,  and  branchbark  all  range  from  6,840 
to  8,123  Btu  per  ovendry  pound  (table  2-5).  The 
averages  are  as  follows: 


Tree  portion 

Stemwood 
Branchwood 
Stembark 
Branchbark 


Heat  of  combustion 

(higher  heating  value) 

Btu/ ovendry  pound 

7,827 
7,784 
7,593 
7,632 


About  50  percent  of  the  wood  and  bark  of  these 
hardwoods  is  comprised  of  the  element  carbon,  from 


Table  2-4.—  Specific  gravity,  moisture  content,  and  green  wood  weight  of  stemwood  and  bark  from  6- 
inch  hardwoods  on  southern  pine  sites 


Species 

Percent 
of  total 

Stemwood 
specific 

Stembark 
specific 

Stemwood 
moisture 

Stembark 
moisture 

Weight  of 
bark-free 

volume' 

gravity2 

gravity2 

content1 

content-1 

green 
stemwood 

Percent 

Pounds/ cu.  ft. 

Ash,  green 

0.9 

0.561 

0.407 

41A 

75.9 

51.6 

Ash,  white 

.582 

.397 

47.5 

68.4 

53.6 

Elm,  American 

1.4 

.536 

.395 

75.5 

86.9 

58.7 

Elm,  winged 

.623 

.341 

65.6 

76.0 

64.4 

Hackberry 

.1 

.525 

.601 

72.6 

55.5 

56.5 

Hickory,  true 

8.5 

.643 

.522 

51.5 

72.9 

60.8 

Maple,  red 

3.6 

.496 

.535 

69.9 

74.4 

52.6 

Oak,  black 

4.0 

.620 

.612 

69.2 

56.2 

65.5 

Oak,  blackjack 

<     .1 

.638 

.642 

74.2 

43.6 

69.4 

Oak,  cherrybark 

1.2 

.633 

.622 

66.6 

54.1 

65.8 

Oak,  chestnut 

4.2 

4 

4 

4 

4 

4 

Oak,  laurel 

1.4 

.582 

.630 

74.4 

57.4 

63.3 

Oak,  northern  red 

2.4 

.605 

.644 

69.7 

55.7 

64.1 

Oak,  post 

7.0 

.659 

.498 

65.6 

48.9 

68.1 

Oak,  scarlet 

3.6 

.622 

.618 

69.4 

55.6 

65.7 

Oak,  Shumard 

.2 

.625 

.644 

69.1 

52.2 

65.9 

Oak,  southern  red 

8.1 

.609 

.601 

70.1 

52.9 

64.6 

Oak,  water 

4.7 

.587 

.628 

73.6 

54.4 

63.6 

Oak,  white 

12.3 

.665 

.543 

61.9 

58.1 

67.2 

Sweetbay 

.6 

.437 

.440 

100.8 

102.1 

54.8 

Sweetgum 

13.2 

.453 

.369 

120.4 

89.3 

62.3 

Tupelo,  black 

5.5 

.500 

.428 

90.0 

69.8 

59.3 

Yellow-poplar 

7.0 

.395 

.390 

111.7 

125.8 

52.2 

Other  hardwoods 

10.1 
100.0 

'  Data  from  Christopher  et  al.  (1976) 

2  Basis  of  ovendry  weight  and  volume  when  green.  Data  from  Manwiller,  F.  G.  (in  press).  Wood  and  bark 

specific  gravity  of  small  diameter  pine-site  hardwoods  in  the  South.  Forest  Products  Journal. 
1  Dry  weight  basis.  Data  from  Manwiller  ( 1975). 
4  Data  not  available. 


Table  2-5.  —  Heat  of  combustion  of  ovendry  wood  and  bark  of  23  southern  hardwoods' 


Species 


Stemwood 


Branchwood 


Stembark 


Branchbark 


Ash,  green 
Ash,  white 
Elm,  American 
Elm,  winged 
Hackberry 
Hickory,  true 
Maple,  red 
Oak,  black 
Oak,  blackjack 
Oak.'cherrybark 
Oak,  chestnut 
Oak,  laurel 
Oak.  northern  red 
Oak,  post 
Oak,  scarlet 
Oak,  Shumard 
Oak,  southern  red 
Oak,  water 
Oak,  white 
Sweetbay 
Sweetgum 
Tupelo,  black 
Yellow-poplar 
Average  value 


[]tll  pcr  ovencj[r) 

•  pound 

7,695 

7,727 

7,472 

7,606 

8,033 

8,013 

7,695 

7.816 

7,770 

7,857 

6,840 

6.904 

7,917 

7,869 

7.019 

6,889 

7,882 

7,867 

7,147 

7.141 

8.183 

7.931 

7,586 

7.259 

7,846 

7,829 

7.595 

7.384 

7,680 

7,692 

7,642 

7,847 

7,739 

7,739 

7,766 

7.907 

7.848 

1 

7,737 
i 

7,582 

1 

7,655 

7.828 

7,653 

7.897 

7.806 

7,791 

7,776 

7.879 

7.926 

7,889 

7,845 

7.191 

7.728 

7,798 

7.673 

8,041 

7.894 

7,789 

7.745 

7.970 

7.913 

7,919 

7.839 

7,983 

7.798 

7,876 

7,833 

7.930 

7,918 

7,676 

7,507 

7.328 

7,574 

7,736 

7,802 

7.822 

7,886 

7,667 

7,690 

7,200 

7,214 

7,867 

7,814 

7,788 

8,176 

7,774 

7,811 

7,696 

7.666 

7.827 

7,784 

7.593 

7,632 

'  Higher  heating  value 

2  F.  Manwiller,  data  on  file  at  the  Southern  For.  Exp.  Sta..  Pineville,  La. 

'  Data  not  available. 


30  to  44  percent  is  oxygen,  and  about  6  percent  is 
hydrogen.  Together,  ash  and  nitrogen  amount  to 
about  1  percent  of  wood  weight;  ash  content  in  bark 
is  more  than  that  in  wood  (table  2-6). 

The  proximate  analyses  for  different  hardwood 
species  also  fall  within  a  rather  narrow  range  of 
values  (table  2-7).  In  general,  when  wood  and  bark 
are  burned,  75  to  80  percent  will  burn  in  the  gas- 
eous state  while  about  20  to  24  percent  will  burn  as 
fixed  carbon  (Arola  1976). 

Summative  chemical  analyses  of  stemwood  of  18 
of  the  principal  pine-site  hardwoods  are  given  in 
table  2-8.  Percentages  of  the  componenets  range  as 
follows: 

Component  Percent 

Cellulose  33.8  -  48.7 

Hemicellulose  23.2  -  37.7 

Lignin  19.1  -  30.3 

Extractives  1.1  -    9.6 

Ash  -1-    1-3 

100 


Table  2-6.—  Typical  ultimate  analysis  for  hardwood  species' 


Wood 


Bark 


Carbon 

Oxygen 

Hydrogen 

Nitrogen 

Ash 


Percent 

50.8  51.2 

41.8  37.9 

6.4  6.0 

.4  .4 

.9  5.2 


Data  from  Arola  (1976). 


Table  2-7.—  Typical  proximate  analysis  for  hardwoods' 


Volatile 
matter 


Fixed 
carbon2 


Wood 
Bark 


77.3 
76.7 


■Percent- 

19.4 
18.6 


Ash2 


3.4 
4.(» 


1  Data  from  Arola  (19761. 

2  Differs  from  value  in  ultimate  analysis  due  to  different  purpose 
and  method  of  determination. 


Table  2-8.— Summative  chemical  analyses  of  principal  hardwoods  that  grow  on.sou.them  pine  sites 
(unpublished  data  from  H.  L.  Hergert,  ITT  Rayonier,  New  York.  N.Y.) 


Species 

Site1 

Cellulose2 

Hemicellulose3 

Lignin4 

Extractives5 

Ash6 

Percent 

23.5 

Ash,  white 

G 

48.7 

23.3 

5.4 

0.3 

Ash,  white7 

T 

39.5 

29.1 

24.8 

6.3 

.3 

Elm,  American8 

G 

42.6 

26.9 

22.4 

1.9 

.8 

Elm,  American7 

G 

38.0 

32.5 

24.7 

4.6 

.3 

Elm,  American7 

T 

41.9 

29.7 

25.6 

2.4 

.5 

Hickory,  mockernut 

T 

43.5 

27.7 

23.6 

5.0 

.4 

Hickory,  mockernut  (?) 

G 

37.7 

29.2 

23.0 

9.0 

1.1 

Hickory,  pignut 

T 

46.2 

26.7 

23.2 

3.4 

.6 

Maple,  red 

G 

39.9 

28.2 

23.0 

8.6 

.3 

Maple,  red 

T 

40.7 

30.4 

23.3 

5.3 

.3 

Oak,  black 

T 

39.6 

28.4 

25.3 

6.3 

.5 

Oak,  blackjack 

T 

33.8 

28.2 

30.1 

6.6 

1.3 

Oak,  chestnut 

T 

40.8 

29.9 

22.3 

6.6 

.4 

Oak,  northern  red 

T 

42.2 

33.1 

20.2 

4.4 

.2 

Oak\  post 

G 

37.7 

29.9 

26.1 

5.8 

.5 

Oak,  post 

? 

40.3 

28.6 

25.4 

5.1 

.5 

Oak,  scarlet 

T 

43.2 

29.2 

20.9 

6.6 

.1 

Oak,  southern  red 

G 

40.5 

24.2 

23.6 

9.6 

.5 

Oak,  southern  red 

? 

43.9 

27.6 

23.0 

5.2 

.3 

Oak,  water 

G 

41.6 

34.8 

19.1 

4.3 

.3 

Oak,  white 

G 

43.7 

24.2 

24.3 

5.4 

1.0 

Oak,  white 

T 

41.7 

28.4 

24.6 

5.3 

.2 

Sweetbay 

G 

44.2 

37.7 

24.1 

3.9 

.2 

Sweetgum8 

G 

42.8 

30.1 

25.7 

1.1 

.3 

Sweetgum9 

G 

43.4 

31.0 

23.7 

1.6 

.3 

Sweetgum 

T 

40.8 

30.7 

22.4 

5.9 

.2 

Tupelo,  black 

G 

44.9 

23.2 

28.9 

2.6 

.4 

Tupelo,  black 

T 

42.6 

27.3 

26.6 

2.9 

.6 

Yellow-poplar 

T 

39.1 

28.0 

30.3 

2.4 

.3 

1  G  indicates  southeastern  Georgia;  T  indicates  eastern  Tennessee. 

2  99  percent  of  glucan  percentage  minus  half  the  mannan  percentage. 

3  Glucomannan  plus  acetyglucuronoxylan,  plus  aribinogalactan,  plus  pectin. 

4Klason  lignin,  insoluble  and  soluble  (by  ultraviolet  spectrum  of  filtrate,  corrected  for  furfural  and 

hydroxymethylfurfural). 
5  Extracted  in  succession  with  petroleum  ether,  ethyl  ether  or  chloroform,  95-percent  ethanol,  and  hot 

water. 
6Ashedat550°C. 

7  Single  tree;  dimensions  not  recorded. 

8  20  trees. 

9  Single  tree,  18  cm  diameter,  39  years  old. 


CHAPTER  3 

Direct  Combustion 

Today,  as  in  the  past,  the  most  common  way  to 
use  wood  and  bark  for  energy  is  to  burn  it  for  heat. 
In  the  United  States  the  use  of  wood  for  fuel  peaked 
about  1875  and  has  dramaticcally  declined  with  the 
availability  of  fossil  fuels  (Corder  1973).  Interna- 
tionally, however,  about  half  of  all  harvested  wood 
is  still  used  for  fuel}  And,  with  the  deple- 
tion of  fossil  fuels,  there  is  renewed  interest  in  using 
wood  and  bark  as  fuel. 


Saeman,  J.  E  Energy  and  materials  from  the  forest  biomass. 
Institute  of  Gas  Technology  Symp.  on  Clean  Fuels  from  Biomass 
and  Wastes.  (Orlando,  Fla..  Jan.  1977.) 


3-1  Wood  as  Fuel 

Heating  value,  ultimate  analysis,  proximate  analy- 
sis, moisture  content,  and  size  are  some  of  the  im- 
portant characteristics  that  influence  the  value  of 
wood  as  a  fuel.  Some  of  these  characteristics  will 
not  vary  significantly,  while  others,  such  as  moisture 
content  and  size,  can  vary  greatly.  Often,  fuel  prep- 
aration will  be  required  to  minimize  variations  and 
to  provide  a  more  homogeneous  material  for  effi- 
cient combustion. 

The  Combustion  Process  — Combustion  is  the 
rapid  chemical  combination  of  oxygen  with  the  ele- 
ments of  a  fuel  that  will  burn  (Babcock  and  Wilcox 
Co.,  1972).  Chemically  it  is  an  oxidation  process 
that  results  in  the  release  of  heat  energy.  The  major 


combustible  elements  in  wood  are  carbon  and  hy- 
drogen (table  2-6).  The  complete  oxidation  of  carbon 
forms  carbon  dioxide  (CO2),  and  heat  energy;  com- 
plete oxidation  of  hydrogen  (H2)  yields  water  (H2O) 
and  heat  energy. 

C  +  02^  CO2  +  14,100  Btu/lb  of  C  (3-1) 

2H2  +  02^  2H2O  +  61,100  Btu/lb  of  H2  (3-2) 

Combustion  of  wood  is  not  always  complete,  which 
results  in  the  release  of  lesser  amounts  of  carbon 
monoxide  (CO),  hydrocarbons,  and  other  substances. 
The  burning  of  wood  can  be  divided  into  three 
consecutive  stages.  In  the  first  stage  the  moisture 
is  evaporated  to  dry  the  wood,  which  requires  about 
1.100  Btu  per  lb  of  water.  In  the  second  stage,  the 
temperature  of  the  fuel  rises  to  the  point  where 
volatiles  are  driven  off  and  combusted.  In  the  third 
stage,  the  fixed  carbon  (carbon  remaining  after  the 
volatiles  are  driven  off)  is  combusted  as  fast  as  oxy- 
gen can  be  brought  in  contact  with  it  (Fernandes 

1976). 

In  most  combustion  processes,  air  is  the  source  of 
oxygen.  For  the  purpose  of  calculating  the  amount 
of  air  required  for  combustion,  air  can  be  consid- 
ered to  be  23.1  percent  oxygen  and  76.9  percent 
nitrogen  by  weight.  Thus,  for  every  lb  of  oxygen 
required,  4.32  lb  of  air  must  be  supplied.  As  carbon 
has  an  atomic  weight  of  12  and  oxygen  has  a  molec- 
ular weight  of  32,  we  can  see  from  equation  3-1 
that  12  pounds  of  carbon  require  32  pounds  of  oxy- 
gen to  produce  44  pounds  of  carbon  dioxide  (molec- 
ular weight  44).  To  burn  1  lb  of  carbon  will  require 
2.67  lb  of  oxygen.  By  similar  calculations,  it  can  be 
shown  that  8  lb  of  oxygen  are  required  to  burn  1 
lb  of  hydrogen  (equation  3-2).  The  amount  of  air 
required  to  burn  a  fuel  can  be  calculated  from  its 
ultimate  analysis.  The  average  hardwood  contains 
about  50.8  percent  carbon,  41.8  percent  oxygen,  and 
6.4  percent  hydrogen  (table  2-6).  The  nitrogen  and 
ash  do  not  play  a  significant  role  in  the  combustion 
calculations  and  can  be  left  out.  In  calculating  the 
minimum  air  required  to  burn  wood,  the  percentage 
of  elements  can  be  based  on  any  weight;  here  let 
us  use  1  lb  of  wood. 

The  oxygen  required  to  burn  the  carbon  = 
1  lb  wood  (0.508  lb  C/lb  wood)  (2.67  lb  Ch/lb  C)  = 
1.36  lb  O2 

The  oxygen  required  to  burn  the  hydrogen  = 
1  lb  wood  (0.064  lb  H/lb  wood)  (8.00  lb  Ch/lb  H)  = 
0.512  lb  O2 

Thus,  total  oxygen  required  =  1.87  lb. 

The  molecular  structure  of  the  average  hardwood 
is  already  41.8  percent  oxygen  (table  2-6).  This  oxy- 
gen as  well  as  oxygen  from  air  will  be  involved  in 


the  formation  of  CO2  and  H2O  and  must  be  ac- 
counted for  in  the  combustion  calculations.  Thus, 
the  oxygen  already  in  1  lb  of  wood  =  0.418  lb.  The 
oxygen  needed  from  the  air  =  total  oxygen  required 
—  oxygen  already  in  wood  =  1.87  lb.  —  0.42  lb  = 
1.45  lb.  Therefore,  total  air  required  =  (1.45  lb  O2) 
(4.32  lb  air/lb  O2)  =  6.26  lb  air. 

This  minimum  amount  of  air  is  called  theoretical 
air  and  does  not  depend  on  the  moisture  content  of 
the  wood.  In  theory,  combustion  of  wood  generally 
requires  about  6  lb  air  per  lb  of  wood  (Wiley  1976). 
In  practice,  excess  air  is  provided  to  ensure  com- 
plete combustion.  This  usually  runs  from  25  to  150 
percent  over  the  theoretical  air. 

We  have  seen  how  the  ultimate  analysis  can  be 
used  to  calculate  the  air  required  for  burning  wood. 
The  proximate  fuel  analysis  is  an  indication  of  the 
relative  amounts  of  volatile  material  that  will  be 
evolved  and  burned  in  the  second  stage  of  the  com- 
bustion process.  The  amount  of  carbon  left  after  the 
volatiles  leave  is  called  the  fixed  carbon.  The  fixed 
carbon  burns  in  the  solid  state.  Seventy-seven  per- 
cent of  the  average  hardwood  will  burn  as  volatile 
matter  and  19  percent  will  burn  in  the  solid  state 
as  fixed  carbon  (table  2-7).  This  kind  of  analysis  can 
suggest  the  best  locations  for  combustion  air  inlets 
in  a  furnace. 

Moisture  Content  and  Available  Heat  —  The  heat 
of  combustion  for  wood  can  vary  considerably  with 
chemical  content.  Resin,  waxes,  lignin,  and  such 
compounds  with  high  carbon  and  hydrogen  contents 
have  higher  heating  values  than  carbohydrates  which 
have  a  high  oxygen  content.  Softwoods,  because  they 
generally  have  a  higher  resin  and  lignin  content, 
have  a  higher  heat  of  combustion  than  hardwoods. 
For  example,  loblolly  pine  stemwood  has  a  heat  of 
combustion  of  8,600  Btu  per  ovendry  lb  (Howard 
1973),  while  pine-site  hardwoods  average  7,827  Btu 
per  ovendry  lb  of  stemwood  and  about  7.593  Btu 
per  ovendry  pound  of  stembark  (table  2-5). 

Heats  of  combustion  are  determined  with  an  oxy- 
gen bomb  calorimeter.  Values  obtained  are  some- 
what higher  than  those  recovered  in  practice  because 
the  calorimeter  is  closed  and  the  products  of  com- 
bustion are  contained.  Thus,  on  cooling,  water  vapor 
is  condensed  and  releases  its  heat  of  vaporization. 
In  an  industrial  furnance,  this  heat  is  normally  lost 
to  the  atmosphere.  The  heat  of  combustion  measured 
by  a  bomb  calorimeter  is  called  the  higher  heating 
value.  The  lower  heating  value  is  obtained  by  sub- 
tracting the  heat  of  vaporization  of  the  water  formed 
in  combustion.  The  average  lower  heating  value  for 
pine-site  hardwoods  is  7,261  Btu  per  lb  for  stemwood 


and  7,027  Btu  per  lb  for  stembark. 

There  are  two  ways  to  express  moisture  content  of 
wood.  The  ovendry  method  is  most  commonly  used 
by  people  in  the  forest  products  industry. 

(weight  of  water) 

(weight  of  ovendry  wood)  (3-3) 


M.C.  (dry) 


(3-5) 


(3-6) 


X  100 
People  in  the  field  of  fuels  and  combustion  and  most 
engineers  use  the  wet  basis  moisture  content. 

M  C  (wet)  = (weight  of  water) (3-4) 

(total  weight  of  wood  and  water) 
X  100 
A  material  that  is  half  water  and  half  wood  would 
have  M.C.  (dry)  =  100  percent  and  M.C.  (wet)  = 
50  percent.  The  two  moisture  contents  can  be  con- 
verted by  the  following  formula: 

M.C.  (wet)  =  100  M.C.  (dry)/[100  + 
M.C.  (dry)] 

M.C.  rdry)  =  100  M.C.  (wet)/[/00  - 

M.C.  (wet)] 

In  keeping  with  most  of  the  literature  referenced, 
the  wet  basis  moisture  content  will  be  used  in  the 
following  discussion  unless  otherwise  noted. 

The  economic"  value  of  a  fuel  will  depend  both  on 
its  heating  value  and  moisture  content.  High  mois- 
ture content  is  detrimental  in  two  ways.  First,  it  re- 
duces the  available  heat  of  the  fuel.  The  higher 
heating  value  of  a  fuel  does  not  change  with  in- 
creasing moisture  content,  but  the  available  heat 
does  change  (equation  3-7)  because  there  is  simply 
less  fuel  per  unit  weight  (table  3-1,  Ince  1977). 
Available  heat  =  (percent  wood)  X 

(higher  heating  value) 

High  moisture  content  also  reduces  furnance  effi- 
cency,  because  heat  energy  is  lost  up  the  stack  in 
vaporizing  the  moisture  in  the  wood.  Vaporization  of 
fuel  moisture  is  the  first  stage  in  combustion;  thus 
heat  energy  must  raise  the  moisture  temperature 
from  ambient  (70°F)  to  the  boiling  point  (212°F). 
Additional  heat  energy  is  required  to  vaporize  the 

Table  3-1.  —  Available  heat  versus  moisture  content  for  pine-site 
hardwoods1 


(3-7) 


Moisture  content 


Available  heat 
(Higher  heating  value) 


Percent  (wet  basis) 
0  (ovendry) 
10 
25 
42 
50 


Btu /lb 
7,827 
7,044 
5,870 
4,540 
3,914 


Average  value  for  stemwood  (table  2-5). 


water  to  steam  at  212°F.  Heat  energy  is  also  lost  in 
raising  the  steam  temperature  to  that  of  the  furnace 
stack  gases.  Steam  tables  can  be  readily  used  to  cal- 
culate the  amount  of  energy  required  to  heat  and 
evaporate  water.  For  example,  if  the  stack  tempera- 
ture is  500°F,  the  calculated  heat  energy  lost  in 
changing  the  water  at  70°F  to  steam  at  500°F  and 
14.7  psi  is  1,250  Btu/lb  of  water  (Wiley  1976). 

Fuel  Preparation  — High  moisture  content,  bulki- 
ness,  dirt,  and  heterogeneous  size  are  the  undesir- 
able properties  that  come  with  using  some  wood  fuels. 
As  with  refined  petroleum  fuels,  wood  can  be  up- 
graded in  value  for  various  burning  situations  (John- 
son 1975).  Wood-burning  furnaces,  for  example,  are 
designed  to  burn  chip  size  or  smaller  material.  This 
permits  automation  in  feeding  and  more  efficient 
burning.  But  of  course  the  size  of  pieces  can  range 
from  slabs  and  logs  to  sawdust  and  shavings.  To  re- 
duce and  size  wood  for  easier  handling  and  burning, 
it  usually  is  passed  through  an  attrition  mill  or  hog. 
In  a  typical  hammer  hog  (fig.  3-1),  large  pieces  enter 
at  the  top  and  are  forced  down  and  through  spaced 
bars  by  the  rotating  action  of  hammers.  The  size  of 
the  particles  leaving  the  hog  depends  on  speed  of 
the  hammers  and  clearance  between  the  hammers 
and  the  spaced  bars.  Optimum  particle  size  depends 
on  the  burner.  In  some  grate-type  furnances,  for 
example,  an  excess  of  fines  and  sawdust  inhibits 
efficient  combustion. 

Hogged  fuel  is  wood  waste  having  no  higher  re- 
covery value  than  that  of  fuel;  such  fuel  contains 
no  municipal  refuse  (Johnson  1975).  Under  this  broad 
definition,  which  is  in  common  use  today,  a  fuel 
would  not  have  to  be  passed  through  a  hog  to  be 
called  hogged  fuel.  Common  hogged  fuels  include 
sander  dust,  shavings,  sawdust,  bark,  log  yard  clean- 
up, clarifier  sludge,  forest  residuals,  and  fly  carbon. 

Boiler  tests  have  shown  that  drying  hogged  fuel 
produces  the  double  benefit  of  increased  steam  gen- 
eration efficiency  and  reduced  emissions  (Johnson 
1975,  Hall  et  al.  1976).  Most  furnaces  designed  for 
wet  wood  operate  best  if  weight  of  water  does  not 
exceed  that  of  wood,  that  is,  if  moisture  content 
is  50  percent  or  less  on  a  wet  basis.  At  moisture 
contents  exceeding  60  percent,  most  furnaces  oper- 
ate poorly,  if  at  all. 

Wood  fuel  can  be  dried  in  several  ways.  Mechani- 
cal pressing  squeezes  water  out  with  simple  equip- 
ment that  requires  no  heat.  Moisture  content  can  be 
reduced  to  50-55  percent  by  this  method  (Porter  and 
Robinson  1976).  Air  drying  is  slow  but  can  reduce 
the  moisture  content  to  about  20  percent  and  if  cli- 
mate permits,  even  less.  Perhaps  solar  dryers  will  be 
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Figure  3-1.—  Transverse  section  through  a  typical  hammer  hog.  I  Drawing  after  Fernandes  ll>76.) 


developed  for  this  purpose.  Today,  fuel  dryers  which 
use  hot  gases  are  in  widespread  use.  The  most  com- 
mon type  is  the  rotary  drum.  Other  types  of  fuel 
dryers,  such  as  the  hot  hog  and  hot  conveyor  sys- 
tem (Johnson  1975)  have  not  been  as  successful? 

In  a  typical  rotary  drum  dryer  system,  fuel  that 
is  to  be  dried  is  first  screened  to  remove  and  rehog 
oversized  pieces.  Hot  gases  and  the  fuel  enter  one 
end  of  the  drum  or  cylinder  and  are  brought  into 
contact  with  each  other  by  cylinder  rotation  and 
horizontal  gas  flow  (fig.  3-2).  An  induced-draft  fan 
draws  the  hot  gases  through  the  dryer,  and  this  gas 


2  Personal  communication  with  David  C.  Junge.  Oregon  State 
University,  Corvallis. 


pushes  the  dried  fuel  toward  the  outlet  end  of  the 
dryer.  Two-  to  four-inch  pieces  can  be  adequately 
dried  in  20  minutes  or  less.  Fuel  is  separated  into 
different  sizes  at  the  dryer  outlet.  Airborne  fines 
go  to  the  cyclone  separator  with  the  gas  flow 
(Thompson  1975,  Johnson  1975). 

Rotary  drum  dryers  are  suited  for  handling  large 
quantities  of  wet  fuel.  The  inlet  temperature  can  go 
as  high  as  1600°F  if  the  moisture  in  the  fuel  is  high 
enough  to  absorb  the  heat  without  scorching  the 
wood.  However,  one  must  be  careful  to  prevent  the 
formation  of  blue  haze.  Blue  haze,  a  major  environ- 
mental concern  for  the  forest  products  industry,  is 
caused  by  distillation  of  organic  material  such  as 
terpenoids  into  the  air  while  drying  wood.  Douglas- 
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Figure  3-2.—  Typical  rotary  dryer  system.  (Drawing  after  Johnson  1975.) 


fir  dried  above  750°F  creates  blue  haze.  We  do  not 
know  the  optimum  drying  conditions  for  pine-site- 
hardwoods. 

Bulkiness  of  wood  fuel  can  be  circumvented  to  some 
extent  by  compressing  it  into  more  dense  material  of 
various  shapes  and  sizes.  Such  compressing  makes 
storing,  handling,  and  shipping  easier  and  promotes 
uniform  burning. 

There  are  several  ways  to  density  wood  for  fuel. 
Compression  baling  can  reduce  wood  residue  vol- 
ume to  one-fifth  its  loose  bulk  while  squeezing  out 
12  to  15  percent  of  its  moisture  (American  Hoist  & 
Derrick  1976).  Most  of  the  densified  products  can  be 
formed  by  compressing  the  residue  in  a  die  under 
heat  and  pressure.  Apparently  the  key  to  success  is 
to  break  down  the  elasticity  of  the  wood  or  bark.  If 
the  elasticity  is  not  sufficiently  destroyed,  the  densi- 
fied form  will  not  have  permanence  (Hausmann 
1974).  It  is  possible  that  polyphenolic  compounds 
(especially  in  bark)  play  a  role  in  successful  densi- 
fication.  The  compounds  may  act  as  natural  binding 
agents  or  glues  when  subjected  to  heat  and  pres- 
sure. Fire  logs  for  home  use  can  employ  a  wax  or 
other  binder  (Braun  1975). 

The  technology  for  densifying  particulate  wood 


and  bark  has  been  around  for  over  50  years  (Sprout 
Waldron  and  Co.  1961,  Hausmann  1974,  Currier 
1977,  Farnsworth  1977).  The  famous  "pres-to-logs" 
used  for  hand-firing  fireplaces  and  stoves  were  first 
made  about  1933.  In  the  1950's  machines  were  de- 
veloped to  extrude  wood  residue  rods  suitable  for 
fueling  coal  stoker  furnaces.  Generally,  the  rods  are 
about  1  inch  in  diameter  and  can  be  cut  to  desired 
lengths.  In  1959  a  company  in  Tennessee  first  pellet- 
ized  bark  for  fuel.  These  oak  bark  pellets  were  used 
with  coal  to  fire  a  steam  boiler  and  reportedly  gave 
burning  rates  equivalent  to  soft-coal.  Since  the  late 
1960's  extensive  research  on  pelletization  of  wood 
and  bark  residues  for  fuel  and  other  uses  has  been 
carried  out  by  Currier  (1977)  at  Oregon  State  Uni- 
versity and  Steffensen  (1973)  at  Georgia-Pacific. 

Pelletization  can  be  accomplished  with  standard 
agricultural  pellet  mills  (Currier  1977).  The  product 
is  generally  3/16-  to  1/2-inch  in  diameter  and  1/2- 
inch  long.  The  compression  ratio  in  pelletizing  is 
usually  about  3  to  1.  Because  of  their  uniform  densi- 
ty, fuel  pellets  are  easier  than  hogged  fuel  to  meter 
into  a  furnace  and  can  be  burned  at  more  closely 
controlled  rates.  Wet  fuel  cannot  be  pelietized  un- 
less it  is  first  dried,  however,  and  part  of  such  fuel 
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must  be  used  to  dry  the  material  to  be  pelletized. 
Because  of  this,  those  industries  that  have  dry  wood 
wastes,  such  as  furniture  and  cabinet  manufacturers, 
may  find  pelletizing  most  economically  attractive. 

A  company  in  Alabama  pelletizes  sawdust  and 
bark  after  pre-drying  it  in  a  rotary  dryer  fired  by 
some  of  the  pelletized  product.  The  pellets  are  sold 
to  a  power  plant.  Estimated  total  investment  is  about 
one-half  million  dollars  including  land.  The  pellet- 
izer  sells  for  around  $32,000.  Similar  estimates  of 
cost  have  been  reported  by  Farnsworth  (1977).  A 
company  in  Oregon  markets  pelletized  Douglas-fir 
bark  (Blackman  1978).  Reportedly,  the  product  sells 
for  about  half  the  price  of  coal  of  equivalent  Btu's. 
Plant  operations  use  the  equivalent  of  12  percent  of 
the  energy  contained  in  the  pelletized  product. 

Residues  —  Ash  and  incompletely  combusted  car- 
bon are  the  solid  residues  from  burning  wood.  In 
boiler  furnaces,  where  high  burning  temperatures 
are  achieved,  slag  and  clinker  are  formed  from  the 
melting  and  fusion  of  ash.  Analysis  of  the  ash  from 
the  23  pine  site  hardwoods  is  underway  at  the  South- 
ern Forest  Experiment  Station.  Studies  of  other  spe- 
cies indicate  that  wood  ash  is  composed  primarily  of 
calcium  oxide  (CaO)  and  silica  (SiCte)  and  contains 
small  percentages  of  alumina  (AhCb),  iron  oxide 
(Fe203)  and  magnesium  oxide  (MgO)  (table  3-2). 

Wood  ash  generally  has  been  considered  inert 
(Hall  et  al.  1976),  but  this  may  not  be  chemically 
true.  In  at  least  one  case,  wood  ash  has  been  shown 
to  be  an  effective  catalyst  in  the  gasification  of  wood 
(Feldman  1978). 

Increased  use  of  wood  for  fuel  might  make  ash 
disposal  a  problem  (Hall  et  al.  1976).  Perhaps  ash 
could  be  used  as  a  soil  conditioner  to  break  up  clay, 
and  the  alkalinity  of  ash  could  help  raise  the  pH  of 
acid  soil.  If  supplemented  with  nitrogen  compounds 
ash  also  has  the  potential  to  be  used  as  a  fertilizer. 
One  mill  in  central  Louisiana  uses  clinkers  for  road- 
bed surfaces  around  the  plant. 


Emissions  —  Both  gaseous  and  particulate  emis- 
sions occur  when  wood  is  burned  (table  3-3).  Carbon 
dioxide  and  water  vapor  (equations  3-1  and  3-2)  com- 
bined with  nitrogen  and  oxygen  from  the  combus- 
tion air  comprise  98-99  percent  of  the  total  material 
emitted  from  an  efficient  combustion  process. 

In  terms  of  potential  air  pollution,  the  United 
States  Environmental  Protection  Agency  (EPA)  is 
concerned  with  the  amounts  of  particulate  matter, 
sulfur,  dioxide,  carbon  monoxide,  nitrogen  oxides, 
and  unburned  hydrocarbons  that  are  emitted  into 
the  atmosphere.  In  wood  combustion,  sulfur  dioxide 
emission  is  negligible,  and  carbon  monoxide  and 
hydrocarbon  emissions  present  no  problems  in  most 
situations.  The  situation  with  nitrogen  oxides  is  less 
certain,  and  particulate  emissions  from  wood-fired 
boilers  require  attention. 

When  combustion  is  poor,  hydrocarbon3  emis- 
sions are  increased.  In  extreme  cases,  these  emis- 
sions may  be  55-85  lb/ton  of  fuel  (Junge  and  Kwan 
1974).  High  hydrocarbon  emissions  could  present  a 
twofold  pollution  problem.  First,  polycyclic  aromat- 
ic compounds  can  be  produced  through  the  incom- 
plete combustion  of  solid  carbonaceous  fuels  such 
as  coal  (Hall  et  al.  1976).  Certain  polycyclic 
aromatic  compounds  are  suspected  carcinogens. 
However,  it  is  not  certain  to  what  extent  these 
compounds  occur  in  the  incomplete  combustion  of 
wood.  The  second  problem  is  the  production  of 
peroxy  compounds  that  react  with  sunlight  as  part 
of  the  complex  process  resulting  in  photochemical 
smog.  Formation  of  carcinogenic  compounds  or 
photochemical  smog  should  not  be  problems  in  wood 
burning  if  combustion  is  efficient  (Hall  et  al.  1976). 

Nitrogen  oxides  (NO  and  NO2)  are  instrumental  in 
smog  formation.  At  present,  the  automobile  engine 


'  The  term  hydrocarbon  is  poorly  defined  as  it  is  used  in  the  litera- 
ture and  is  sometimes  used  to  denote  oxygen-containing  organic 
compounds  as  well  as  hydrocarbons. 


Table  3-2.  —  Chemical  composition  of  wood  ash' 


Component 


Percent  by  weight 


S1O2 

AI2O3 

TiOz 

FezOa 

CaO 

MgO 

NazO 

K2O 


33.8 

2.6 

.2 

1.6 

56.5 

4.7 

.5 

A 

100.0 


Data  from  Babcock  and  Wilcox  Company  (1972). 


Table  3-3.  —  Emissions  from  combustion  of  hogged  fuel  (Junge 
1975a) 


Gases 


Particulate  matter 


98-99% 
of  total 


Nitrogen 
Carbon  dioxide 
Oxygen 
Water  vapor 
Carbon  monoxide 
Unburned  hydrocarbons 
Sulfur  dioxide 
Oxides  of  nitrogen 
Inert  gases 


Inorganic  flyash 
Fixed  carbon 
Traces  of  metals 
and  salts 
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is  by  far  the  largest  source  of  nitrogen  oxides.  In 
high  concentrations,  these  compounds  not  only  harm 
life  but  destroy  material  as  well.  Fortunately,  the  am- 
bient concentration  of  nitrogen  oxides  is  low  enough 
in  most  areas  that  emission  control  for  them  from 
wood  burning  should  not  be  required.  However,  if 
the  need  arises,  modification  in  the  combustion  pro- 
cess rather  than  the  use  of  a  cleaning  device  at  the 
stack  would  be  necessary  (Hall  et  al.  1976). 

Particulate  emissions  can  be  controlled  by  any  of 
four  basic  devices.  These  are  cyclone  separators, 
scrubbers,  baghouse  filters,  and  electrostatic  precip- 
itators (Junge  1975a).  Most  wood-fueled  boilers  are 
equipped  with  cyclone  separators;  however,  some 
are  equipped  with  scrubbers. 

Comparison  to  Fossil  Fuels.  —The  higher  percent- 
ages of  oxygen  in  the  molecular  structures  of  wood 
and  bark  gives  them  lower  heating  values  than  coal 
and  oil  (table  3-4).  In  comparison  with  coal,  wood 
has  a  low  ash  content  and  little  or  no  sulfur.  The 
chief  drawback  of  woody  fuels  is  their  naturally  high 
moisture  content  and  bulkiness. 

Arola  (1975)  has  a  graph  (fig.  3-3)  that  is  a  useful 
tool  for  comparing  the  cost  of  heat  or  steam  pro- 
duced from  wood-based  and  fossil  fuels  (See  below 
for  an  example  of  how  to  use  the  figure.) 

The  graph  has  three  sets  of  lines  which  corre- 
spond to  three  classes  of  fuel  considered:  (1)  oil; 

(2)  coal,  bark,  wood,  and  municipal  solid  refuse;  and 

(3)  gas.  A  fourth  set  of  lines  represents  efficiency 
values  to  allow  for  losses  when  converting  heat  en- 
ergy to  steam.  Heating  values  used  for  the  solid 
fuels  are  "as  fired,"  that  is,  the  available  heat  at 
the  moisture  content  (wet  basis)  as  fired  (equation 
3-7). 

Figure  3-4  is  an  example  of  how  to  use  the  graph 
(Arola  1975). 


Given:  The  fuel  is  bark  which  costs  SlO/wet  ton 
and  has  a  higher  heating  value  of  9,000 
Btu/lb  when  ovendry.  Process  efficiency  is 
65  percent.  The  bark  is  fired  at  50  percent 
moisture  content  (wet  basis i. 

Problem:  What  is  the  cost  of  steam? 

Solution:  Available  heat  at  50  percent  moisture  con- 
tent is  4,500  Btu/lb,  i.e..  (1.00  -  0.50)  x  9.000 
Btu/lb.  From  the  $10/ton  point  along  the 
upper  scale  at  bottom  of  chart,  extend  a 
line  vertically  to  the  4,500  Btu/lb  point  for 
bark  (interpolation  required).  Extend  a 
horizontal  line  from  this  intersection  to 
the  65  percent  efficiency  line  and  then  a 
vertical  line  to  the  top  of  the  graph  to  read 
the  cost  of  steam. 

Answer:    About  $1.70/milhon  Btu. 
3-2  Industrial  Burning  Systems 

Today  industrial  wood  burning  furnaces  are  com- 
monly incorporated  into  boiler  systems  to  produce 
steam.  Nearly  1700  such  wood  fired  boiler  systems 
are  in  operation  in  the  United  States  (Environmen- 
tal Protection  Agency  1977).  They  range  in  size  from 
shop-fabricated  units,  with  steam  capacities  up  to 
about  100,000  pounds  per  hour,  to  large  field-erected 
units  that  can  generate  up  to  600,000  pounds  of 
steam  per  hour  on  hogged  fuel  (U.S.  Forest  Service 
1976,  Bliss  and  Blake  1977).  Wood-fired  boilers  that 
produce  15,000  to  100,000  pounds  per  hour  of  steam 
are  the  most  common  recent  installations  (Hall  et  al. 
1976).  In  some  furnace  systems  the  hot  combustion 
gases  produced  are  used  to  direct-fire  kilns  and  dry- 
ers without  the  intermediate  step  of  steam  genera- 
tion. In  addition,  certain  furnaces  could  be  used  to 
drive  gas  turbines  whose  exhaust  heat  could  then  be 


Table  3-4.  —  Ultimate  analyses  and  heating  values  of  some  fossil  fuels  compared  with  hardwoods 


Coal' 

Hardwood2 

Residual 

Western 

Pennsylvania 

Wood 

Bark 

fuel  oil1 

D 

Ultimate  analysis 

Hydrogen 

6.4 

5.0 

6.4 

6.0 

9.5  -  12.0 

Carbon 

54.6 

74.2 

50.8 

51.2 

86.5  -  90.2 

Oxygen 

33.8 

7.1 

41.8 

37.9 

- 

Sulfur 

.4 

2.1 

— 

— 

.7  -  3.5 

Nitrogen 

1.0 

1.5 

.4 

.4 

- 

Ash 

3.3 

10.1 

.9 

5.2 

.01-  .50 

Heating  value,  Btu/lb  9,420 

13,310 

7,8273 

7.5931 

17.410  -18,990 

'Data  from  Hall  et  al.  (1976). 
-Data  from  Arola  (1976). 
3  Data  from  table  2-5. 
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Figure  3-3.  —  Graph  to  compare  fuel  value  for  wood-based  and  fossil  fuels.  (Drawing  after  Arola  1975.  / 
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FUEL  COST  OF  STEAM  (DOLLARS/MILLION  BTU) 
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Figure  3-4.  —  Example  of  how  to  use  the  fuel  value  comparison  graph.  (Drawing  after  Arola  1975.) 
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used  in  a  conventional  boiler  to  produce  added 
steam  power.4 

Basically  there  are  two  classes  of  furnace  design 
in  use  for  wood  burning— grate  burners  and  suspen- 
sion burners.  Dutch  ovens,  inclined  grate  furnaces 
and  spreader  stokers  burn  the  fuel  on  a  grate,  either 
in  a  pile  or  spread  into  a  thin  bed.  In  suspension 
burning,  the  fuel  is  supported  by  air  during  its  com- 
bustion. Within  these  two  classes  of  furnace  design 
are  a  variety  of  furnace  types  which  can  differ 
markedly  in  basic  operation.  This  variety  is  due 
largely  to  the  various  forms  that  wood  fuel  can  take. 
Innovative  engineers  have  created  a  diversity  of 
furnaces  designed  for  particular  circumstances. 

Dutch  Ovens.  —Historically,  Dutch  ovens  (fig.  3-5) 
provided  steam  for  many  industries  in  this  country. 
They  are  now  considered  obsolete  for  new  installa- 
tions, because  they  are  expensive  to  maintain  and 
respond  poorly  to  load  changes. 

The  Dutch  oven  is  a  two-stage  refractory  (fire- 
brick-lined) furnace.  Fuel  is  fed  through  a  chute  in 
the  oven  roof  and  forms  a  conical  pile  on  the  grate 
in  the  oven  or  primary  furnace.  Here  the  fuel  is 
dried  and  partially  combusted.  The  system  is  de- 
signed so  that  there  is  insufficient  air  for  complete 
combustion  in  the  primary  furnace.  Combustible 
gases  emerge  from  the  fuel  pile  and  pass  into  the 
secondary  furnace,  or  combustion  chamber,  where 
air  entering  through  the  overfire  air  ports  completes 


4  H.  G.  Hagen.  1977.  Wood  fueled  combustion  cycle  gas  turbine 
power  plant.  38  p.  Paper  presented  at  the  California  Energy 
Comm.  Energy-From-Wood-Workshop. 


combustion.  On  their  way  to  the  stack,  the  hot  com- 
bustion gases  pass  through  water-carrying  heat  ex- 
changers to  generate  steam.  Removal  of  ash  is  done 
by  either  manual  rake-out  or  dumping  grates.  Com- 
bustion rates  of  about  600,000  Btu  per  ft2  of  grate  per 
hour  have  been  attained  with  air  and  wood  having 
45  percent  moisture  content,  but  combustion  rate 
drops  off  rapidly  above  that  level.  Excess  air  at  the 
stack  is  usually  between  30  and  40  percent  (Babcock 
and  Wilcox  1972,  Junge  1975a). 

Fuel  Cell  Burners.— Fuel  cell  burners  (fig.  3-6)  are 
an  adaption  of  the  Dutch  oven  design;  drying  and 
gasification  of  the  fuel  occur  in  the  primary  furnace, 
and  combustion  is  completed  in  the  secondary 
furnace.  Fuel  is  metered  into  the  primary  furnace, 
which  is  a  vertical,  refractory-lined  cylinder  with  a 
water-cooled  grate.  Here  the  fuel  is  partially  com- 
busted, and  the  volatiles  pass  into  the  upper  cham- 
ber where  burning  is  completed.  Boilers  of  this  type 
are  common  in  the  western  United  States,  where  they 
are  used  for  kiln-drying  lumber.  They  generally  have 
capacities  of  10,000  to  30,000  lb  of  steam  per  hour 
when  operated  at  pressures  below  150  psi.  Dryers 
have  to  be  incorporated  when  fuel  moisture  content 
is  above  50  percent  (Junge  1975a,  Corder  1973). 

A  new  variation  of  a  fuel  cell  furnace  is  the  wet 
cell  burner  (Anonymous  1978).  This  unit  employs  a 
cyclonic-type  furnace  for  the  upper,  secondary  com- 
bustion chamber  (fig.  3-7).  Hogged  fuel  with  a  mois- 
ture content  up  to  65  percent  is  metered  by  a 
hydraulic  ram  at  a  rate  controlled  by  Btu  demand. 
The  hydraulic  ram  then  forces  the  fuel  up  through 


STACK 


Figure  3-5.  —  Dutch  oven  furnace  and  boiler.  (Drawing  after  McKenzie  1968.) 
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Figure  3-6.  —  Fuel  cell  furnace  system.  {Drawing  after  Junge  1975a.) 
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■  Steam  Generation 

■  Lime  Kiln 

■  Hog  Fuel  Drying 

■  Pulp  Flash-Drying 

■  Lumber  Kiln 

■  Veneer  Dryer 
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Figure  3-7.—  Wet  cell  burner.  (Drawing  from  Hugh  Dwight  Advertising,  i 
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a  large-diameter  cylinder  under  the  base  of  the  burn- 
er, depositing  the  fuel  through  an  opening  in  pinhole 
grates  that  form  the  floor  of  the  lower  chamber. 
The  fuel  forms  a  slightly  conical  pile  over  the  grate 
as  more  fuel  is  pushed  up  from  below.  The  pile  is 
ignited  by  an  automatic  gas  burner  which  shuts  down 
after  the  pile  is  burning.  Preheated  air  is  forced  up 
through  the  pile  as  well  as  through  swirl  air  plenums 
above  the  pile.  However,  insufficient  air  for  com- 
plete combustion  is  maintained  so  that  the  fuel  is 
mostly  dried  and  gasified.  Swirling  air-flows  near  the 
top  of  the  primary  combustion  chamber  subject  the 
hot  distillates  to  a  scrubbing  action  that  separates 
particulates  to  the  outer  wall  by  centrifugal  action. 
The  fixed  carbon  particulates  complete  oxidation  as 
they  are  swept  away.  As  the  volatiles  rise  to  the 
upper  combustion  chamber,  they  are  met  by  cooler 
air  that  is  vortexing  downward.  This  action  mixes 
and  combusts  the  gases  in  a  cyclonic  air  flow.  Ex- 
cess combustion  air.  is  limited  to  10-15  percent  by 
this  mechanism.  Exhaust  gases  leave  the  burner  at 
1,700  to  2,300°F  and  can  be  used  to  fire  a  boiler  or 
be  blended  with  cooler  air  to  use  in  kilns  and  dryers. 

Inclined  Grate  Furnaces.  —This  type  of  furnace 
usually  has  a  water-cooled  grate  and  water-cooled 
furnace  walls  (fig.  3-8).  Fuel  enters  the  furnace  at  the 
top  of  the  grate  and  is  dried  as  it  slides  down  to  the 
lower  horizontal  section  where  it  is  burned.  Ash  is 
removed  intermittently  through  discharge  doors.  In- 
clined grate  furnaces  are  one  of  the  more  popular 
types  of  furnaces  in  Europe  (Astrom  and  Harris 
1975). 

Spreader  Stokers.  —  The  spreader  stoker  is  prob- 
ably the  most  commonly  used  wood  and  bark  burn- 
ing furnance  (Fuller  1976,  Bliss  and  Blake  1977). 
These  furnaces  can  burn  large  amounts  of  wood  and 
bark  alone  or  in  combination  with  coal,  oil,  or  gas 
with  little  difficulty. 

In  spreader  stokers,  fuel  is  spread  either  pneu- 
matically or  mechanically  into  an  even  thin  bed 
across  the  grates.  When  the  fuel  is  added  above  the 
grate,  smaller  particles  and  volatiles  burn  in  suspen- 
sion while  the  large  pieces  of  fuel  fall  to  the  grate 
and  burn  in  the  fuel  bed.  Flames  from  the  particles 
suspended  above  the  grate  radiate  heat  that  aids  in 
combustion  of  the  fuel  bed.  Furnace  walls  are  nor- 
mally lined  with  heat  exchange  tubes  (water  walled). 
Because  there  is  no  refractory  to  reflect  heat  back 
to  fuel,  combustion  air  is  sometimes  preheated 
(Junge  1975a). 

Figure  3-9  shows  a  closeup  sectional  view  of  a 
travelling  grate  spreader  stoker  with  front  ash  dis- 
charge; in  figure  3-10  the  stoker  is  attached  to  a 


large  steam  generator.  Fuel  is  conveyed  contin- 
uously and  distributed  into  the  furnace  through  an 
air-swept  spout.  High-pressure  overfire  air  jets  pro- 
vide turbulence  to  aid  the  suspension  burning  of 
small  particles  and  volatiles.  Air  for  combustion  in 
the  fuel  bed  is  admitted  from  the  plenum  chamber 
through  holes  in  the  grate  bars.  The  fuel  bed  moves 
with  the  grate  at  a  rate  adjusted  to  allow  complete 
combustion  of  the  fuel  before  the  ash  is  dumped  into 
a  hopper.  Other  types  of  grate  are  also  used  with 
spreader  stoker  furnaces  (Fuller  1976).  These  in- 
clude a  vibrating-grate  where  the  fuel  bed  moves 
toward  the  ash  hopper  as  the  bed  is  intermittently 
vibrated  by  an  eccentric  drive  mechanism  (fig.  3-11). 
In  dumping-grate  stokers  (fig.  3-12)  the  grate  bars 
are  rotated  90°  to  dump  the  ash  into  a  combined 
ash  hopper-air  plenum. 

Spreader  stokers  can  burn  hogged  fuel  containing 
45  to  50  percent  moisture  at  1  million  Btu  per  hour 
per  ft2  of  grate  area  while  using  35  to  45  percent 
excess  air.  However,  most  boilers  in  operation  use 
more  than  75  percent  excess  air.5  Spreader  stokers 
are  used  with  boilers  that  generate  from  25,000  to 
600,000  lb  of  steam  per  hour  (Babcock  and  Wilcox 
Co.  1972,  Corder  1973,  Bliss  and  Blake  1977). 

Suspension-Fired  Boilers.  —  Suspension  firing  of 
wood  and  bark  in  large  boiler  furnaces  is  similar 
to  the  firing  of  pulverized  coal  (Hall  et  al.  1976). 
Most  often  bark  hogged  to  a  small  size  and  pneu- 
matically injected  into  the  furnace  is  the  fuel.  If  in- 
jection is  high  enough  in  the  furnace  and  the  fuel 
particles  are  small  enough,  then  the  fuel  will  be 
completely  combusted  before  it  falls  out  of  the  com- 
bustion zone. 

In  the  system  shown  in  figure  3-13,  turbulence  is 
provided  by  high  velocity,  tangentially  injected  flows 
of  preheated  air  through  nozzles  at  various  heights 
in  the  furnace.  This  is  also  called  tangential  firing 
(Fernandes  1976).  In  tangential  firing,  the  air  flows 
create  spinning  air  masses  or  fire  circles  that  hold 
the  fuel  particles  in  suspension  while  they  burn  (fig. 
3-14).  Figure  3-15  shows  an  actual  photograph  of  the 
fire  circle  in  a  boiler  furnace. 

In  the  suspension  burners,  a  small  dump  grate  is 
located  at  the  bottom  of  the  furnace  to  catch  and 
burn  larger  fuel  particles  that  fall  out  of  suspension 
(Fernandes  1976).  Usually,  suspension-fired  boilers 
are  simpler  than  spreader  stokers,  but  more  exten-  ^ 
sive  hogging  of  the  fuel  is  required.  Bark  alone  can  I 
be  used  as  fuel  but  usually  an  auxiliary  fuel,  such 
as  oil,  pulverized  coal,  or  gas  is  co-fired  in  suspen- 


s  Personal  communication  with  David  C.  Junge.  Oregon  Stale 
University,  Corvallis. 
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Figure  3-8.  —  Inclined  grate  furnace  system.  (Drawing  after  ('order  1973.) 


sion  with  the  bark.  Auxiliary  fuel  nozzles  are  usually 
located  immediately  above  and  below  the  bark  noz- 
zle. Suspension  fired  boilers  are  often  large  units, 
some  capable  of  generating  over  500,000  lb  of  steam 
per  hour  (Hall  et  al.  1976). 

Cyclonic  Furnaces.  —  Cyclonic  furnaces  also  burn 
fuel  in  suspension.  In  early  water-cooled  models,  cy- 
clone burners  were  fueled  with  wood  and  bark  in 


combination  with  coal  (Fuller  1976).  Today,  refrac- 
tory lined  models  are  commonly  used  and  do  not 
require  auxiliary  fuel  except  at  startup. 

In  the  horizontally  mounted  cyclonic  burner,  a 
drumlike  combustion  chamber  is  closed  at  one  end 
(fig.  3-16).  Hot  combustion  gases  are  discharged 
from  the  opening  in  the  other  end  called  the  choke. 
Combustion  air  is  forced  by  a  blower  through  the 
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Figure  3-9.  — Sectional  view  of  a  traveling  grate  stoker  with  front  ash  discharge.  (Drawing  from  Detroit  Stoker  Company.  / 
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Figure  3-10.  —  Components  of  a  typical  large  steam  generator  equipped  with  a  spreader  stoker.  (Drawing 
from  Detroit  Stoker  Company. ) 


air  manifold  into  tuyeres  which  admit  the  air  tan- 
gent to  the  inner  surface  of  the  combustion  cham- 
ber. The  airflow  pattern  created  is  a  double  cyclonic 
action.  Fuel  is  injected  tangentially  into  the  burner 
with  a  stream  of  high  velocity  air.  Mixing  of  the  fuel 
and  air  takes  place  around  the  periphery  of  the 
burner  as  they  traverse  toward  the  choke.  Both  the 
high  turbulence  of  the  cyclonic  airflow  and  time  in 
the  burner  contribute  to  complete  combustion  as 
long  as  proper  temperatures  are  maintained.  Excess 
air  can  vary  from  60  to  130  percent  depending  on 
the  installation  (Levelton  and  O'Connor  1978). 


Fuel  wood  for  this  system  must  be  dry  (15  percent 
moisture  content)  and  sized  (1/8-inch  or  less).  The 
fuel  is  metered  from  a  bin  to  a  mixing  tee  and  then 
into  the  high  velocity  air  stream  for  injection  into 
the  burners.  An  auxiliary  burner  is  required  for  start- 
up and  additional  controls  and  components  can  be 
added  for  automation.  A  recirculation  system  can  be 
incorporated  to  burn  the  volatile  hydrocarbons  asso- 
ciated with  the  blue  haze  produced  by  some  veneer 
dryers  (Cherewick  1975,  Neild  and  Weyer  1975).  A 
trap  can  be  added  to  the  basic  burners  foi  auto- 
matic removal  of  slag  and  grit. 
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Figure  3-11.—  Vibrating  grate  stoker.  (Drawing  after  Fuller  1976.) 


Capacities  range  from  5  to  60  million  Btu  per 
hour.  Applications  for  this  type  of  burner  include 
direct  firing  of  lumber  kilns,  rotary  and  veneer  dry- 
ers, and  boilers. 

Fluidized  Bed  Burners.  —  Particles  such  as  sand 
contained  in  a  vessel  can  be  fluidized  by  passing  a 
stream  of  gas  upward  through  them  with  a  certain 
velocity  (Bryers  and  Kramer  1977,  Wiley  1978). 
When  the  particles  are  fluidized,  the  bed  has  a  hy- 
drostatic head,  and  light  objects  float  on  its  surface, 
while  heavy  ones  sink.  Individual  particles  undergo 
a  high  degree  of  mixing  by  moving  about  in  the  bed. 

Particle  size  determines  the  rate  of  gas  flow 
needed  to  effect  fluidization.  With  a  low  rate  of  gas 
flow  the  bed  of  particles  behaves  as  a  porous  me- 
dium, allowing  the  gas  to  pass  through.  As  the  rate 
of  flow  is  increased,  the  point  of  incipient  fluidiza- 
tion is  reached  where  the  pressure  drop  across  the 
bed  equals  the  weight  per  unit  area  of  the  bed.  At 
this  point,  the  particles  start  to  float  on  the  gas 
flow.  Increasing  the  gas  flow  gives  no  further  rise  in 
the  pressure  drop  across  the  bed.  The  extra  flow 
passes  through  the  bed  as  bubbles,  and  when  3-5 
times  the  minimum  fluidization  velocity  is  reached, 
the  bed  resembles  a  violently  boiling  liquid.  On  flu- 


idization the  bed  may  expand  from  1  Vi  to  2  times  its 
original  static  depth. 

Fluidized  beds  have  been  used  for  many  years  in 
the  petroleum  and  mining  industries  for  catalytic 
and  ore  reactors  (Keller  1975).  More  recently,  they 
have  been  adapted  to  combustion  systems.  Because 
of  the  large  particle  surface  area  in  the  fluidized 
bed,  rapid  heat  transfer  occurs  between  gas  and 
solids.  As  the  fluidized  bed  has  high  thermal  inertia, 
fluctuations  in  heat  input  are  dampened.  This  per- 
mits combustion  of  wet  and  low-quality  fuels  that 
vary  in  heating  value.  The  mineral  olivine  has  been 
found  to  be  a  suitable  bed  material  as  it  is  inert 
to  combustion  temperatures  up  to  2000?  Bed  materi- 
al wears  out  by  attrition  and  forms  fines  that  are 
blown  out  of  the  system  with  the  fluidizing  gas  flow. 

Fluidized-bed  burners  may  be  used  with  existing 
boilers  or  water  tubes  can  be  inserted  into  the  bed 
or  placed  in  the  wall  of  the  burner.  The  hot  com- 
bustion gases  can  also  be  used  for  direct  heat  drying 
applications  (Bryers  and  Kramer  1977,  Wiley  1978). 
A  modified  gas  turbine  cycle  coupled  to  a  fluidized 
bed  burner  has  also  been  proposed.  Such  a  system 
will  fit  into  future  mill  energy  needs  by  providing  a 
higher  ratio  of  electric  power  to  steam  power  while 
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Figure  3-12.— Dumping  grate  stoker.  (Drawing  after  Fuller  1976.) 


utilizing  a  variety  of  low-grade  fuels  (Moody  1976). 

In  the  fluidized-bed  burner  shown  (fig.  3-17),  the 
bed  is  preheated  from  700  to  750°F  with  a  non- 
fluidized  airflow  for  startup.  Then,  a  small  amount 
of  fuel  spontaneously  ignites  as  it  is  added  to  the 
bed.  Once  a  flame  is  established,  the  bed  is  fluidized 
by  increasing  the  airflow  and  then  fuel  feed  is 
started.  As  combustion  becomes  self-sustaining,  the 
temperature  of  the  bed  will  rapidly  rise  into  the 
operating  range  of  1,000  to  1,800°F.  Preheat  burners 
can  then  be  turned  off  and  no  auxiliary  fuel  is  re- 
quired. 

Fuel  moisture  contents  can  be  up  to  65  percent. 
Exhaust  gas  temperatures  are  normally  up  to 
2,200°F  and  bed  temperatures  around  1,750°F  The 
largest  units  being  constructed  will  handle  250  tons 
per  day  of  hogged  fuel  and  generate  55,000  lb  of 
steam  per  hour.  It  is  not  expected  that  large  units 
comparable  to  the  spreader  stokers  will  be  built  in 
the  near  future  (DeArmond  et  al.  1975,  Keller  1975). 


Jasper-Koch  Burner.— The  Jasper-Koch  burner 
(fig.  3-18)  takes  a  new  approach  to  suspension  burn- 
ing. The  unit  is  designed  to  burn  wet  wood  or  bark 
efficiently  in  a  small  furnace  that  costs  less  than 
grate-type  furnances  of  comparable  capacity. 

As  we  have  said,  bark  or  sawdust  that  is  half  water 
by  weight  burns  very  poorly  and  must  be  partially 
dried  before  combustion  occurs.  This  drying  can 
take  place  in  a  separate  dryer  before  burning,  in  a 
pile  on  the  floor  of  the  furnace  combustion  chamber, 
or  in  an  integral  dryer  that  passes  through  the  com- 
bustion zone.  The  Jasper-Koch  burner  works  on  the 
latter  principle. 

In  the  Jasper-Koch  design,  the  combustion  cham- 
ber is  an  annular  space  between  two  concentric  ver- 
tical cylinders;  particulate  fuel  burns  in  suspension 
in  this  chamber  (fig.  3-19).  In  the  commercial  proto- 
type, a  stainless  steel  inner  cylinder  29  inches  in  di- 
ameter with  walls  1/4-inch  thick  houses  a  vertical 
downfeeding  screw  that  introduces  fuel  into  the  bot- 
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Figure  3-13.—  Schematic  of  a  suspension  firing  system  used  in  large  boilers.  (Drawing  after  Fernandes  1976.) 


torn  of  the  chamber.  The  outer  stainless  steel  cylin- 
der that  confines  the  upward-moving  combustion 
gases  is  49  inches  in  diameter  and  has  walls  1/4-inch 
thick.  The  fuel  is  partially  dried  (nearly  ovendried) 
in  its  15-minute  transit  to  the  combustion  zone. 

Surrounding  the  outer  cylinder,  along  the  entire 
7-foot-high  burning  zone,  is  a  heat  exchanger  that 
preheats  air  to  about  500°F  and  introduces  it  at  high 
velocity  (1,000-1,300  fpm)  into  the  bottom  of  the 
burner.  This  air  conveys  fuel  particles  upward  into 
the  combustion  zone,  where  the  temperature  is 
about  1,600°F.  A  30  hp  blower  is  required  for  the 
preheated  air  to  assure  proper  airflow  and  velocity. 

The  burner  has  neither  grate  nor  fuel  bed.  Com- 
bustion occurs  throughout  a  zone  in  which  particles 
are  suspended  in  the  air  stream.  The  outer  cylinder 
is  flared  at  the  top  of  the  combustion  zone.  Since 


the  inner  cylinder  has  constant  diameter,  the  flare 
increases  flow  area  for  upward-moving  combustion 
gases  slowing  their  velocity.  This  causes  particulate 
matter  (other  than  fine  ash)  to  fall  back  into  the 
burning  zone  for  continuous  recirculation  until  com- 
pletely burned.  Neither  the  laboratory  model  nor  the 
commercial  prototype  formed  slag  since  combustion 
temperatures  do  not  exceed  1,800°F.  Ash  formed 
during  combustion  is  discharged  upwards  along  with 
hot  combustion  gases  for  later  separation.  The 
burner  is  equipped  with  a  gas  jet  of  one  million 
Btu/hour  capacity  to  facilitate  startup. 

The  nonuniformity  of  fuel  particle  size  is  a  prob- 
lem for  designers  of  wood  burning  furnaces.  Most 
grate-type  furnaces  operate  best  with  particles  of 
pulp-chip  size  and  cannot  tolerate  more  than  50  per- 
cent sawdust  or  fines  in  the  fuel  mixture.  Because 


26 


Figure  3-14.—  Tangential  firing  concept.  (Drawing  after  Femandes  1976.) 


wood  particles  can  be  hammermilled  to  smaller  size, 
but  cannot  be  increased  in  size  (unless  pelletized), 
the  operators  of  grate-type  furnaces  have  difficulty 
with  an  oversupply  of  fines  and  sawdust. 

In  the  suspension  burner,  small  particles  are 
needed.  Tests  on  the  prototype  have  shown  that  the 
burner  runs  well  with  particles  sized  through  the 
screen  of  a  hammermill  hog.  Heat  of  combustion  of 
the  fuel  was  8,500  Btu  per  ovendry  pound.  Ash  con- 
tents ranged  from  1  to  4  percent  of  dry  weight,  and 
moisture  content  as  admitted  to  the  infeed  screw 
was  53  percent  (wet  basis). 

3-3  Steam  and  Electrical  Generation 

Steam  delivery  from  boilers  can  be  expressed  as 
kilo  Btu's  per  hour,  boiler  horsepower,  or  pounds 
per  hour  (Miller  1976).  Kilo  Btu  means  1,000  Btu 
and  is  a  term  commonly  used  by  engineers. 


Operators  of  small  steam  generating  units  some- 
times express  steam  delivery  in  boiler  horsepower 
(BoHP),  a  unit  that  bears  no  relationship  to  engine 
horsepower.  Boiler  horsepower  was  more  commonly 
used  in  past  decades  when  small  steam  plants  were 
used  to  drive  machinery.  Boiler  horsepower  is  the 
energy  required  for  the  evaporation  of  34.5  lb  of 
water  per  hour  to  saturated  steam  at  212°F  at  atmos- 
pheric pressure.  The  equivalent  amount  of  heat  en- 
ergy in  Btu's  is  33,480  Btu/hr. 

The  amount  of  wood  required  to  generate  1  BoHP 
can  be  calculated  if  boiler  efficiency  and  fuel  mois- 
ture content  are  known.  The  average  green  pine- 
site  hardwood  with  42  percent  moisture  content  has 
an  available  heat  of  4,540  Btu/lb  (table  2-8).  If  we 
assume  a  boiler  efficiency  of  63  percent,  then  11.7 
lb  per  hour  of  green  wood  would  be  required  to 
produce  1  BoHP: 
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Figure  3-15.—  Photograph  of  fire  circle  produced  by  tangential  firing  inside  a  large  boiler.  (Photo  courtesy  of  Combustion  Engineering, 
Inc.) 
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Figure  3-16.  —  Cyclonic  burner  and  airflow  pattern  in  cyclonic  burner.  (Drawing  from  Energex  Company.) 
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Figure  3-18.  -Photograph  of  the  prototype  of  the  Jasper-Koch  burnei 
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Figure  3-19.  —  Cross  sectional  view  of  the  prototype  of  the  Jasper-Koch  burner. 
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Today,  in  the  forest  products  industry  the  most 
common  expression  of  steam  delivery  is  number  of 
pounds  of  steam  delivered  per  hour  (PPHj.  The  unit 
is  not  an  absolute  measurement  as  steam  at  different 
pressures  and  temperatures  will  have  different 


amounts  of  energy.  For  example,  steam  at  165  psi 
absolute  and  550°F  contains  heat  energy  of  1,118 
Btu/lb  more  than  feed  water  at  212°F.  Under  such 
a  system,  the  amount  of  green  pine-site  hardwood 
(average  available  heat,  4,540  Btu/lb)  required  to  de- 
liver 50,000  lb  of  steam  per  hour  with  a  boiler  ef- 
ficiency of  63  percent  is  equal  to  (50,000  lb  steam/ 
hr)  (1,118  Btu/lb  steam)  -*-  (0.63)  (4,540  Btu/lb 
wood),  or  19,544  lb  of  wood  per  hour. 

Overall  boiler  efficiency  is  expressed  as  energy 
output  divided  by  energy  input: 
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Percent  efficiency  =  ~ — ~r  x  100 
input 


(3-8) 


Table  3-5.—  Overall  boiler  efficiency  versus  pine-site  hardwood 
moisture  content' 


This  energy  input  equals  the  dry  weight  of  fuel  mult; 

plied  by  the  higher  heating  value  of  the  fuel: 

Input  =  mf  X  qh  (3-9) 

mf  =  dry  weight  of  fuel  burned,  lb/hr 
qh  =  higher  heating  value  of  fuel.  Btu/lb 

The  output  equals  the  steam  generated  multiplied  by 

the  difference  in  heat  contents  of  the  feed  water  and 

steam  leaving  the  boiler: 

Output  =  trig  (hi  -  ha)  (3-10) 

mg  =  steam  generated,  lb/hr 
hi  =  heat  content  of  steam  leaving  boiler, 

Btu/lb 
h2  =  heat  content  of  feed  water,  Btu/lb 

The  instrumentation  and  procedures  required  to 
measure  efficiency  can  become  complicated.  How- 
ever, the  process  of  calculating  overall  efficiency 
can  be  greatly  simplified  by  assuming  that  every- 
thing going  into  the  furnace  comes  out  as  mass  or 
energy  (Hughes  1976).  Then,  boiler  output  does  not 
have  to  be  measured  and  overall  boiler  efficiency 
can  be  expressed  as: 


Percent  efficiency  =  — ^~t~ 


losses 


X  100    (3-11) 
input 

Corder  (1973)  lists  the  sources  of  boiler  heat  loss 
as  follows: 

(a)  moisture  in  fuel 

(b)  moisture  formed  from  hydrogen  in  fuel 

(c)  dry  stack  gas  loss 

(d)  incomplete  combusion,  radiation,  and  unac- 
counted sources. 

In  equation  3-11  the  sum  of  (a)  through  (d)  equals 
losses.  Losses  due  to  (a)  through  (c)  can  be  readily 
calculated  if  the  moisture  content,  ultimate  analysis 
(table  2-6),  and  higher  heating  value  (table  2-5)  for 
the  fuel  are  known.  The  ultimate  analysis  is  required 
to  calculate  the  amount  of  air  needed  for  combus- 
tion. Corder  (1973)  estimates  that  item  (d)  accounts 
for  a  4  percent  heat  loss,  but  the  loss  could  be  sub- 
stantially greater  in  poorly  insulated  boilers. 

A  procedure  outlined  by  Wiley  (1976)  was  used  to 
calculate  overall  boiler  efficiency  for  pine-site  hard- 
woods at  various  moisture  contents  (table  3-5).  It 
was  assumed  that  the  furnace  used  40  percent  excess 
combustion  air  and  that  the  stack  gas  temperature 
was  500°F  (Corder  1973),  values  that  might  be  ex- 
pected for  efficient  burning  of  hogged  fuel.  The 
overall  efficiency  for  green  stemwood  of  average 
moisture  content  (42  percent  wet  basis,  table  3-5)  is 
63  percent. 


Heat  loss  from 

Moisture  content2 

10% 

25%        42% 

50% 



Percent  loss 



Moisture  in  wood3 

1 

5            12 

16 

Moisture  from  hydrogen  in  fuel3 

9 

9              9 

9 

Dry  stack  gases3 

12 

12            12 

12 

Incomplete  combustion, 

radiation  and  unaccounted" 

4 

4             4 

4 

Total  heat  loss 

26 

30           37 

41 

Overall  boiler  efficiency 

74% 

70%        63% 

59% 

1  Boiler  operating  with  40%  excess  air  and  stack  temperature  of 
500°F. 

2  Wet  basis. 

3 Calculated  by  Wiley's  method  (1976);  average  stemwood  value 
of  7,827  Btu/lb  used  (Table  2-5). 
"Estimated  (Corder  1973). 


High  fuel  moisture  content  is  the  most  important 
factor  in  loss  of  boiler  efficiency.  The  loss  is  a  func- 
tion of  both  the  amount  of  moisture  in  the  fuel  and 
the  stack  gas  temperature.  Heat  is  lost  both  in  vapor- 
izing the  water  and  in  raising  the  temperature  of  the 
steam  to  that  of  the  stack  gases.  At  50  percent  mois- 
ture content,  16  percent  of  the  fuel  energy  is  lost  up 
the  stack  (table  3-5).  If  the  moisture  content  can  be 
reduced  to  10  percent,  less  than  1  percent  of  the  fuel 
energy  is  lost  and  overall  efficiency  is  74  percent. 

Evaporation  of  moisture  formed  from  the  combus- 
tion of  hydrogen  in  wood  also  causes  loss  in  boiler 
efficiency.  One  lb  of  dry  wood  with  6.4  percent  H 
will  produce  0.58  lb  of  water  on  combustion  (equa- 
tion 3-2).  This  results  in  a  9  percent  loss  in  boiler 
efficiency. 

Dry  stack  gas  heat  loss  depends  on  both  the 
amount  of  excess  air  and  stack  temperature.  As  ex- 
cess air  and  stack  gas  temperature  increase,  heat 
loss  increases  (Corder  1973).  When  pine-site  hard- 
woods are  used  as  fuel,  the  loss  is  estimated  at  12 
percent  with  40  percent  excess  air  and  500°F  stack 
gases.  After  the  gases  have  passed  through  the  steam- 
generating  heat  exchangers,  heat  can  be  salvaged 
from  the  gases  by  passing  them  through  a  second  set 
of  heat  exchangers  called  economizers.  Economizers 
can  be  used  to  predry  incoming  fuel  and  to  preheat 
incoming  combustion  air. 

The  overall  conversion  efficiency  for  conventional 
steam  generation  of  electricity  from  wood  is  about 
25  percent  (Benemann  1978,  Love  and  Overend 
1978).  This  estimate  includes  boiler  efficiency,  steam 
cycle  efficiency,  and  auxiliary  power  requirements, 
all  of  which  can  vary.  The  amount  of  pine-site  hard- 
wood required  to  generate  a  kilowatt-hour  (Kwhr) 
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can  be  calculated  as  follows.  For  green  pine-site 
hardwood  of  42  percent  moisture  content  (wet  basis), 
the  available  heat  is  4,540  Btu/lb  (table  2-8).  As  1 
Kwhr  =  3,41:2  Btu, 


1  Kwhr  = 


3,412  Btu 


3  lb  green  pine- 


4,540  Btu/lb  (0.25) 
site  hardwood 

The  amount  of  wood  required  to  fuel  electrical 
generating  plants,  assuming  25  percent  conversion 
efficiency  is  as  follows: 
Electrical  generating         Amount  of  green  pine-site 

plant  size hardwood  required  for  fuel 

5  MW  7.5  ton/hr 

25  MW  37.5  ton/hr 

250  MW  375    ton/hr 

500  MW  750    ton/hr 

Co-generation  of  steam  and  electricity  from  a 
boiler  plant  is  becoming  an  accepted  practice  in  the 
forest  products  industry  (Pingrey  and  Waggoner  1978). 
It  is  not  a  new  process,  but  interest  in  it  has  been 
renewed  in  recent  years.  In  the  1920's,  co-generation 
was  common  on  the  West  Coast  as  it  was  the  only 
way  to  obtain  electricity  for  mill  operations.  As  elec- 
tricity from  utilities  became  available,  the  electrical 
generation  systems  were  shut  down. 

One  method  of  co-generation  that  is  becoming 
common  is  first  to  pass  steam  through  a  back  pressure- 
type  turbo-generator  to  produce  electricity  while  us- 
ing the  exhaust  from  the  turbo-generator  for  process 
steam  in  the  mill.  In  this  way  the  steam  is  used  twice. 
Since  there  is  no  cooling  water  or  cooling  tower,  the 
turbo-generator  takes  only  the  amount  of  energy  out 
of  the  steam  necessary  to  generate  electricity,  and 
the  remaining  energy  is  in  the  process  steam.  Ex- 
haust pressures  commonly  vary  between  25  psig  to 
200  psig  depending  on  the  usage. 

Pingrey  and  Waggoner  (1978)  have  estimated  that 
in  the  United  States  the  overall  generating  capacity 
of  electrical  generating  plants  using  wood  and  wood 
derived  fuels  is  about  4,500  MW  (table  3-6).  Many 

Table  3-6.—  Estimated  generating  capabilities  of  electric  generat- 
ing plants  in  the  United  States  that  use  wood  and 
wood  derived  fuels' 

Generation  capability 


Producers 

Pulp  and  paper  mills 
Solid  wood  products 
Utilities 
Other2 

Total 


3,600  MW 

800  MW 

60  MW 

40  MW 

4,500  MW 


of  the  plants,  however,  use  fossil  fuels  at  the  same 
time  they  are  burning  wood  and  wood  derived  fuels. 
For  instance,  it  is  estimated  that  on  an  annual  basis, 
the  pulp  and  paper  industry  burns  54  percent  fossil 
fuels  to  generate  electricity,  while  wood  residues 
and  pulping  liquors  supply  the  remaining  46  percent. 
On  the  other  hand,  solid  wood  products  mills  are 
estimated  to  use  98  percent  wood  fuel  and  only  2 
percent  fossil  fuel. 

But  outside  the  forest  products  industry,  few  wood- 
fueled  electrical  utilities  are  in  operation.  They  are 
located  in  Eugene,  Oregon;  Libby,  Montana;  and 
Burlington,  Vermont. 

The  Eugene  utility  has  been  using  hogged  fuel 
since  the  1940's  to  generate  electricity.  The  steam 
generated  not  only  is  used  to  run  turbines,  but  is 
distributed  to  the  central  part  of  the  city,  where  it 
is  used  to  heat  businesses  and  homes  and  provides 
process  steam  to  plants  such  as  laundries  (Anony- 
mous 1977). 

3-4  Domestic  Stoves  and  Fireplaces 

High  oil,  natural  gas,  and  electricity  prices  have 
renewed  the  public's  interest  in  home  and  shop  space 
heating  with  wood.  Wood  is  readily  available  and 
improvements  in  woodstove  design  and  devices  to 
make  stoves  and  fireplaces  more  efficient  have  come 
about  with  the  renewed  interest  in  wood  burning 
(Shelton  and  Shapiro  1976,  and  Lew6). 

Firewood  for  personal  use  is  usually  available  free 
from  both  State  and  National  Forests.  Owners  of 
small  woodlots  also  sell  culled  hardwoods  as  domes- 
tic firewood.  The  pine-site  hardwoods  make  excellent 
firewood  for  home  use.  They  are  more  dense  and 
burn  less  vigorously  with  a  longer  lasting  fire  than 
resinous  softwoods.  Oak  is  probably  best  as  it  gives 
the  most  uniform  flames  while  producing  hot  and 
long  lasting  coals  (U.S.  Forest  Service  1974). 

Fireplaces  generally  are  not  very  efficient  (minus 
5  to  10  percent)  because  much  heat  is  lost  up  the 
chimney  (Shelton  and  Shapiro  1976).  One  device  to 
make  fireplaces  more  efficient  is  a  hollow  grate 
through  which  air  can  be  circulated.  Glass  doors 
with  controlled  air  intakes  can  be  placed  on  a  fire- 
place to  reduce  the  amount  of  air  entering  from  the 
room.  With  reduced  airflow  the  fire  burns  more 
slowly  and  less  heat  is  lost  up  the  chimney.  In  new 
fireplace  installations,  heat-circulating  fire  boxes  can 
be  incorporated  behind  the  hearth. 


1  Data  from  Pingrey  and  Waggoner  (1978). 

2  Miscellaneous  users  of  small  wood  fired  plants  which  included 
a  rubber  plant,  sugar  mills,  and  a  resort. 


1  V.  Lew,  "Wood  Burning  Stoves,"  a  staff  report  to  the  Fuels  Of- 
fice, Alternatives  Division,  California  Energy  Commission,  June 
14,  1978,  Sacramento,  California. 
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Wood  burning  stoves  are  considerably  more  effi- 
cient than  fireplaces;  efficiencies  can  range  from  25 
to  about  70  percent*  Stove  design  is  generally  based 
on  controlling  combustion  air  and  enhancing  heat 
transfer  to  the  room.  Combustion  air  can  be  con- 
trolled with  secondary  air  inlets,  airtightness,  and 
different  airflow  patterns  through  the  stove.  Second- 
ary air,  which  is  often  provided  in  a  secondary  com- 
bustion chamber,  is  used  to  combust  completely 
volatile  gases  produced  from  the  burning  wood.  In 
airtight  stoves,  control  over  the  amount  of  com- 
bustion air  entering  is  accomplished  by  welding  or 
cementing  the  stove  sections  together.  Air  leaks  in 
non  airtight  stoves  occur  through  cracks  around  the 
door  and  at  other  places  where  parts  are  joined. 
These  leaks  cause  lost  efficiency  because  the  air 
entering  is  not  involved  in  combustion  and  takes 
heat  out  through  the  chimney.  The  control  over  air- 
flow gives  airtight  stoves  longer  burning  times  and 
causes  them  to  use  25  to  50  percent  less  wood. 

Many  different  wood  stoves  are  on  the  market 
today.  Most  can  be  broadly  categorized  on  the  basis 
of  the  flow  pattern  of  air  through  the  stove  (Shel- 
ton  and  Shapiro  1976).  The  five  basic  patterns  are: 
up,  diagonal,  across,  down,  and  "S"  (figure  3-20). 

In  the  updraft  pattern  the  combustion  air  enters 
below  the  burning  wood  and  travels  up  through  the 
grate.  Secondary  air  may  be  necessary  above  the 
wood  for  complete  combustion  of  volatiles.  Ex- 
amples of  updraft  stoves  include  the  pot-bellied 
stoves  and  the  Shenandoah. 

The  diagonal  flow  pattern  is  found  in  the  simple 
box  stove.  Air  enters  the  stove  at  the  bottom  front 
of  the  combustion  zone  and  travels  diagonally  through 
the  burning  wood,  exiting  at  the  top  back  corner. 
Secondary  air  inlets  again  may  be  supplied  above 
the  burning  wood  for  more  efficient  combustion.  Ex- 
amples of  this  flow  pattern  include  the  Ashley  25HF, 
Fisher  and  drum  stoves  (Shelton  and  Shapiro  1976). 

In  the  across  pattern,  air  enters  the  stove  at  the 
bottom  front  but  moves  horizontally  across  the  wood 
to  exit  at  the  lower  back.  Considerable  turbulence 
occurs  above  the  burning  wood  and  volatile  gases 
are  forced  through  the  hot  coals  or  flames  at  the 
back  of  the  combustion  chamber.  Secondary  air  is 


usually  provided  at  this  point.  Stoves  with  both  the 
across  and  downdraft  flow  patterns  usually  require  a 
bypass  damper  to  prevent  smoke  from  entering  the 
room  when  the  stove  door  is  opened.  Many  stoves 
using  the  across  flow  are  airtight  and  have  large 
fuel  capacities  so  that  refueling  is  not  necessary  for 
long  periods  (Shelton  and  Shapiro  1976). 

In  downdraft  stoves,  air  enters  the  stove  above 
the  grate  and  passed  down  through  the  grate  along 
with  emerging  volatiles  produced  from  the  burning 
wood.  Secondary  air  can  be  provided  at  a  number  of 
points,  often  at  the  bottom  of  a  baffle  plate  at  the 
back  of  the  stove.  Combustion  is  then  completed  in 
a  secondary  chamber.  This  design  is  one  of  the  better 
ones  for  efficient  burning  of  wood.  Downdraft  stoves 
are  usually  airtight  and  can  also  operate  for  long 
periods  between  fueling  (Shelton  and  Shapiro  1976). 

Wood  usually  rests  directly  on  the  firebox  floor 
in  the  S-flow  stoves.  A  horizontal  baffle  extends 
from  the  back  of  the  stove  and  prevents  air  flow 
and  volatile  gases  from  leaving  the  combustion  area 
directly.  The  S-flow  provides  extra  turbulence  and 
burning  time  for  the  volatiles,  and  the  baffle  also 
helps  to  increase  heat  transfer  from  the  hot  gases  to 
the  outside  of  the  stove.  Wood  tends  to  burn  from 
the  front  of  the  stove  to  the  back.  These  stoves  are 
noted  for  a  steadiness  of  heat  output  and  high  ef- 
ficiency. Common  examples  of  this  type  of  stove  are 
the  Norwegian  Jc^ul,  Lange,  and  Ram  woodstoves6 

The  economics  of  home  heating  are  attractive  if 
an  efficient  wood  stove  is  used.  Lew6  has  estimated 
that  one  cord  of  red  oak  (21  million  Btu's  per  cord) 
burned  in  an  airtight  stove  (50  percent  efficiency) 
will  yield  heat  equivalent  to  the  use  of  1.1  tons  of 
coal,  115  gallons  of  number  2  fuel  oil,  14,000  cubic 
feet  of  natural  gas,  or  3,074  kilowatt  hours  (Kwhr)  of 
electricity.  If  a  person  heats  with  electricity  and  pays 
about  4?  per  Kwhr,  the  equivalent  electricity  cost 
v/ould  be  $123.  In  the  case  of  box  stoves  or  Franklin 
fireplaces  (30  percent  efficiency),  the  heat  realized 
would  be  equivalent  to  1,848  Kwhr  or  $74.  In  a  fire- 
place with  10  percent  efficiency,  the  heat  realized 
would  be  equivalent  to  only  616  Kwhr,  or  about  $25 
per  cord.  It  is  thus  apparent  that  savings  will  depend 
greatly  on  the  efficiency  of  the  burning  system. 
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Figure  3-20.  —  The  five  basic  air  flow  patterns  found  in  domestic  stoves.  Stoves  with  both  the  across-  and  down-draft  flow  patterns  usually 
require  a  bypass  damper  to  prevent  smoke  from  entering  the  room  when  the  stove  door  is  opened.  (Drawing  after  Lew6) 


CHAPTER  4 

Gasification 

Gasification  is  thermal  decomposition  of  organic 
material  in  the  presence  of  controlled  and  limited 
amounts  of  air  or  oxygen  to  produce  a  combustible 
mixture  of  gases,  often  referred  to  as  producer  gas. 
When  air  is  used,  the  producer  gas  contains  mostly 
hydrogen,  carbon  monoxide,  and  nitrogen.  Lesser 
amounts  of  carbon  dioxide,  methane,  and  hydrocar- 
bons are  formed.  The  mixture  is  generally  referred 
to  as  a  low  Btu  gas  (table  4-1).  Heating  values  range 
from  100  to  about  200  Btu/sdcf  (standard  dry  cubic 
foot)  (Levelton  and  O'Connor  1978,  California  State 
Energy  Commission7). 

When  oxygen  is  used  for  gasification  medium  Btu 
gas,  with  heating  values  as  high  as  350  Btu/sdcf,  is 

7  California  State  Energy  Commission,  "Commercial  Biomass 
Gasifier  at  State  Central  Heating  ano  Cooling  Plant,"  Feasibility 
Study  prepared  by  Fuels  Office,  Alternatives  Division,  April 
1978,  63  p. 


produced  (Bliss  and  Blake  1977).  Nitrogen  dilution  is 
eliminated  so  that  the  two  major  components  of 
medium  Btu  gas  are  hydrogen  and  carbon  monoxide. 
Lesser  amounts  of  carbon  dioxide,  methane,  and  hy- 
drocarbons are  also  produced  (table  4-1). 

The  exact  chemical  composition  of  either  low  or 
medium  Btu  gas  depends  on  variables  that  include1 
gasification  temperature,  pressure,  time,  and  pres- 
ence of  a  catalyst  (Love  and  Overend  1978).  In  the 

Table  4-1.—  Typical  composition  for  low  and  medium  Btu  gases 
produced  on  gasification  of  biomass1  2 


Constituent 

Low  Btu            Medium 
gas                 Btu  gas 

_ 

Carbon  monoxide  (CO) 

20                      40 

Hydrogen  (H2) 

15                      30 

Carbon  dioxide  (CO2) 

10                      20 

Hydrocarbons  (CHx) 

5                       10 

Nitrogen  (N2) 

60 

'  Data  from  Benemann  ( 1978). 

2  Composition  varies. 
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ipr-sJe  state,  both  low  and  medium  Btu  gas  contain 
high  percentages  of  moisture  which  originates  from 
the  partial  oxidation  process  and  from  moisture  in 
the  fuel.  However,  the  moisture  can  be  readily  re- 
moved (Bliss  and  Blake  1977). 

The  basic  processes  in  gasification  are  similar  to 
those  in  combustion  except  that  complete  oxidation 
af  carbon  to  carbon  dioxide  is  avoided.  Only  suffi- 
cient air  or  oxygen  is  provided  to  the  gasifier  bed 
for  (1)  gasification  of  the  carbon  char  by  partial  oxi- 
dation to  carbon  monoxide  and  (2)  for  generation  of 
enough  heat  to  support  drying  and  pyrolysis  of  the 
fuel  (Eggen  and  Kraatz  1976).  Drying  and  pyrolysis 
of  the  fuel  occur  much  as  they  do  in  combustion 
except  the  volatile  gases  produced  are  not  oxidized. 
In  pyrolysis,  water  vapor,  carbon  monoxide,  and 
carbon  dioxide  are  formed  first.  Then,  more  exten- 
sive decomposition  gives  tars  which  finally  yield  hy- 
drogen and  hydrocarbons  leaving  only  a  carbon  char. 
The  carbon  char  is  partially  oxidized  to  carbon  mon- 
oxide by  oxygen,  water,  or  carbon  dioxide.  The  car- 
bon dioxide  is  then  reduced  to  carbon  monoxide. 
While  the  addition  of  air  or  oxygen  to  the  fuel  bed 
is  necessary  to  sustain  this  complex  oxidation-reduc- 
tion scheme,  no  air  or  oxygen  can  be  allowed  to  mix 
with  the  gases  produced  as  they  would  readily  com- 
bust. 

Researchers  are  investigating  the  use  of  catalysts 
in  gasification  of  wood  (Feldman  1978,  Walkup  et  al. 
1978).  A  primary  reason  for  catalyzing  gasification 
would  be  to  lower  gasification  temperature  and  to 
improve  reactivity.  The  best  catalysts  found  so  far 
are  calcium  oxide  and  wood  ash.  Catalysis  may  also 
be  used  to  selectively  form  one  product.  If  such  a 
catalysis  system  can  be  developed,  gases  that  are 
predominantly  methane,  hydrogen,  or  carbon  mon- 
oxide or  optimum  mixtures  for  a  specific  purpose 
might  be  produced.  These  products  would  be  of 
much  higher  value  than  producer  gas  and  would 
make  gasification  a  more  competitive  conversion 
process. 

Gasification  is  not  new;  coal  was  gasified  in  the 
late  nineteenth  century?  Early  gasification  units  op- 
erated by  blowing  air  up  through  the  fuel  bed  and 
allowing  gases  to  exit  the  top  (updraft  operation). 
The  producer  gas  was  used  to  fire  boilers  and  furn- 
aces. 

After  cooling  and  cleaning,  producer  gas  has  been 
used  to  fuel  internal  combustion  engines.  In  fact, 
about  600  Crossley  gas  plants  were  constructed  for 
that  purpose  between  1912  and  1940  (fig.  4-1,  Level- 
ton  and  O'Connor  1978).  Reportedly  some  are  still 
in  working  order. 


Portable  gasification  units  were  developed  during 
the  1940's?  About  700,000  vehicles  were  adapted  to 
use  producer  gas  in  Europe  during  World  War  II. 
Coal,  coke,  and  charcoal  were  commonly  gasified; 
wood  and  crop  residues  had  limited  use.  Although 
development  of  portable  gasifiers  mostly  ceased  after 
World  War  II,  Swedish  researchers  produced  a  suc- 
cessful wood-fueled  downdraft  gasifier  for  use  on 
agricultural  vehicles. 

While  not  a  completely  proven  technology  in  all 
applications,  wood  gasification  offers  wide  versatility 
(fig.  4-2).  In  North  America,  many  types  of  wood 
gasifiers  are  in  various  stages  of  development  (Level- 
ton  and  O'Connor  1978).  In  general,  wood  gasifiers 
are  smaller  than  the  coal  gasification  units  now  un- 
der development  and  would  be  suitable  primarily  for 
smaller  scale  applications.  Capacities  of  wood  gasi- 
fiers are  about  10  million  Btu  per  hour  or  less. 

4-1  Energy  Production 

On-Site  Combustion  of  Producer  Gas.  —  Most  of 
the  gasifiers  under  development  are  air  blown  and 
produce  a  low  Btu  gas  suitable  to  be  burned  on  site 
so  that  the  immediate  (sensible)  heat  of  the  gas  can 
be  utilized  (Love  and  Overend  1978).  Such  on-site 
utilization  is  best  for  low  Btu  gas  since  the  gas  can- 
not be  stored  effectively,  and  its  low  Btu  content 
makes  transport  economically  unattractive.  After 
modification  of  burner  nozzles,  low  Btu  gas  can  be 
burned  in  standard  natural  gas  and  oil  furnaces. 

Such  gasifier  systems  would  have  advantages  over 
solid-wood  fueled  furnaces.  Ash  and  carbon  residues 
would  remain  in  the  gasifier;  the  furnace  would  be 
subjected  only  to  producer  gas,  a  relatively  clean 
fuel.  While  some  tars,  oils,  and  particulates  may  be 
carried  over  with  the  producer  gas,  in  most  cases  no 
pollution  controls  will  be  needed  on  the  furnace? 

A  portable  gasifier  developed  by  the  University  of 
California  was  successfully  tested  using  wood  as  a 
fuel  at  the  California  State  printing  plant  where  the 
low  Btu  producer  gas  was  burned  in  one  of  the 
plant's  boilers  (fig.  4-3,  table  4-2).  A  feasibility  analy- 
sis indicated  that  no  major  technical  barrier  exists 
to  commercialization  of  gasifiers  that  produce  low 
Btu  gas  for  furnace  boiler  fuel?  Emissions  were  with- 
in acceptable  standards.  The  costs  of  using  the  gasi- 
fier system  over  20  years  would  be  competitive  with 
the  cost  of  using  natural  gas  (in  California)  assum- 
ing price  increases  at  the  rate  of  inflation. 


1  G.  D.  Voss  and  V.  A.  Gauger.  Gasification  of  wood  residues. 
Paper  presented  at  the  For.  Prod.  Res.  Soc.  Annu.  Meet.  (Den- 
ver, Colo.  July  1977).  13  p. 
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Figure  4-2.  —  Gasification  scheme  for  the  production  of  energy,  chemicals,  and  synthetic  fuels  from  wood. 
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Figure  4-3.— Downdraft  gasifier  developed  by  the  University  of 
California.  (Photo  courtesy  of  Robert  Hodam.  Cali- 
fornia State  Energy  Commission.) 

Table  4-2.  —  Input  and  output  for  one  hour  of  prototype  gasifier 
operation1 


Input 


Output 


.75  ton  of  wood 
1  gallon  of  gasoline 
5  Kw  of  electricity 


10  million  Btu  of  gas 
100  lb  of  char 
1  quart  of  tar 
SOx  —  negligible 
NOx  -  129  ppm 
particulates  —  0.8  grams 
per  standard  cubic  foot 


1  Data  from  California  State  Energy  Commission  1 1978). 

Fuel  Cells.—  The  generation  of  electricity  by  fuel 
cells  that  use  producer  gas  from  wood  is  an  unproven 
process  but  potentially  a  viable  one  (Hodam  1978, 
Eggen  and  Kraatz  1976).  Fuel  cells  use  hydrogen  and 
oxygen  (from  air)  to  convert  stored  chemicai  energy 
directly  to  electrical  energy  (fig.  4-4). 


2H2  +  O2  Fuel  Ce|'  2H2O  +  heat  +  (4.1} 

electrical  power 
The  concept  is  not  new.  Fuel  cells  have  provided 
power  for  moon  landings  and  on  a  demonstration 
basis,  electricity  to  apartments,  commercial  establish- 
ments, and  small  industrial  buildings.  It  is  expected 
that  electrical  generation  from  coupling  wood  gasi- 
fiers  with  fuel  cells  will  be  significantly  more  effi- 
cient than  using  turbines  or  diesel  engines  (Hodam 
1978). 

Fuel  cells  can  produce  electricity  at  38  to  40  per- 
cent efficiency,  a  rate  about  equal  to  the  best  com- 
bustion power  plant.  It  is  expected  that  by  1985 
fuel  cell  efficiency  may  be  50  to  55  percent.  Fuel 
cell  emissions  are  well  within  environmental  limits 
(Energy  Research  and  Development  Administration 
1976). 

4-2  Chemicals  and  Fuels  Production 

Synthesis  gas  (hydrogen  and  carbon  monoxide) 
can  be  used  to  produce  several  important  chemicals 
and  fuels  (Wender  in  press).  Methane,  hydrogen, 
ammonia,  methanol,  ethylene  glycol,  and  gasoline 
can  be  made  directly  from  synthesis  gas.  Additional- 
ly, a  high  octane  gasoline  can  be  produced  from 
methanol  in  a  one-step  process. 

Medium  Btu  gas  from  wood  gasification  should  be 
well  suited  for  use  as  synthesis  gas  because  of  its 
high  hydrogen  and  carbon  monoxide  content.  On  the 
other  hand,  low  Btu  gas  would  not  be  so  well  suited 
since  large  amounts  of  nitrogen  would  have  to  be 
removed  to  convert  it  to  synthesis  gas.  An  excep- 
tion might  be  in  ammonia  production. 

Hydrogen,  Methane,  Ammonia,  and  Methanol.— 
Hydrogen  can  be  produced  by  the  water  shift 
lion   (Wender  in  press).  Hydrogen  already  in  the 
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Figure  4-4.—  The  basic  principles  of  fuel  cell  operation  (Energy  Research  and  Development  Administration  1976).  The  fuel  cell  consists 
of  an  anode,  cathode,  and  electrolyte  much  as  in  a  battery.  Hydrogen  rich  fuel  is  fed  down  the  anode  side  of  the  cell.  Here 
the  hydrogen  leaves  its  electrons  giving  the  anode  a  negative  charge.  Air  enters  the  fuel  cell  on  the  cathode  side.  Here  oxy 
gen  accepts  electrons  from  the  cell  giving  the  cathode  a  positive  charge.  Electrical  power  is  generated  by  the  flow  of  elec 
Irons  from  the  anode  to  the  cathode.  Hydrogen  ions  formed  at  the  anode  and  oxygen  ions  formed  at  the  cathode  migrate 
through  the  electrolyte  to  combine  and  form  water.  Heat  is  also  liberated  in  the  process.  The  overall  simplified  process  is 
shown  in  equation  4-1.  (Drawing  from  Department  of  Energy.) 


synthesis  gas  remains  unchanged,  but  added  water 
reacts  at  high  temperature  with  carbon  monoxide 
and  a  catalyst  to  yield  hydrogen. 


C0  +  H20  catalyst  CQ2  +  H2 


(4-2) 


AH 


-9.84  kcal 


Carbon  dioxide  formed  can  be  removed  from  the  gas 
stream  to  give  pure  hydrogen  gas.  The  reaction  is 
also  used  to  obtain  hydrogen  to  carbon  monoxide 
ratios  appropriate  for  certain  syntheses.  Methanol 
production  requires  2H2:lCO,  while  methane  re- 
quires 3H2:1C0. 
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Hydrogen  can  also  be  used  as  a  fuel,  although 
its  general  use  as  such  may  be  in  the  more  distant 
future.  However,  hydrogen  holds  much  promise  as  it 
is  an  environmentally  clean  fuel;  combustion  yields 
only  water  and  heat  energy.  Therefore,  one  might 
expect  to  see  increased  use  of  hydrogen  as  a  trans- 
portation fuel,  especially  for  mass  transit  in  areas 
with  air  pollution  problems.  A  promising  new  tech- 
nology is  in  the  development  of  metal  hydrides  for 
the  safe  storage,  shipping,  and  use  of  hydrogen  as  a 
fuel. 

Methane  (CH4)  can  be  produced  by  the  methana- 
tion  reaction  shown  below: 

3H2  +  CO  cataly^  CH4  +  H2O  (4-3) 

AH  =  -49.3.  kcal 
Since  this  reaction  requires  3  moles  of  hydrogen  to 
one  mole  of  carbon  monoxide,  the  water  shift  reac- 
tion can  be  used  to  adjust  this  ratio  in  the  medium 
Btu  gas  and  maximize  the  yield  of  methane.  Meth- 
ane is  a  suitable  substitute  for  natural  gas  inasmuch 
as  natural  gas  is  composed  primarily  of  methane  (85 
percent)  with  lesser  amounts  of  other  hydrocarbons 
and  nitrogen.  While  the  relatively  low  Btu  values 
of  low  and  medium  Btu  gas  from  wood  gasification 
preclude  storage  or  transport  over  any  distance,  con- 
version to  methane  provides  a  route  for  the  produc- 
tion of  a  pipeline-quality  substitute  (950  Btu/sdcf) 
for  natural  gas  (Bliss  and  Blake  1977). 

Ammonia  is  manufactured  from  synthesis  gas  pro- 
duced from  natural  gas  by  steam  reforming,  CH4 
+  H2O  ->  3H2  +  CO,  the  reverse  of  equation  4-3 
(Wiseman  1972).  The  synthesis  gas  is  enriched  in  hy- 
drogen by  the  water  shift  reaction  (equation  4-2). 
Carbon  dioxide  and  small  amounts  of  unconverted 
carbon  monoxide  have  to  be  removed  as  they  poison 
the  ammonia  synthesis  catalyst.  Most  of  the  carbon 
dioxide  is  removed  by  scrubbing  with  a  solution  of 
potassium  carbonate.  After  scrubbing,  the  gas  still 
contains  small  amounts  of  carbon  dioxide  and  car- 
bon monoxide;  final  removal  is  accomplished  by  the 
methanation  reaction  (equation  4-3).  Both  carbon 
monoxide  and  carbon  dioxide  are  converted  into 
methane,  which  is  left  in  the  hydrogen  gas  as  it  does 
not  interfere  with  ammonia  synthesis.  In  the  final 
step  (equation  4-4),  ammonia  synthesis  is  carried  out 
by  reacting  the  hydrogen  gas  with  nitrogen  gas  at 
high  temperature  and  pressure  over  an  iron  catalyst. 

-Uj,  +  N,  catalyst  9NH,  (4.4) 

AH  =  -26  kcal 

Ammonia  is  used  to  manufacture  fertilizers,  ex- 
plosives, nitric  acid,  and  synthethic  fibers. 


High  yields  of  methanol  are  also  obtainable  from 
synthesis  gas  (Wender  in  press).  The  water  shift  reac- 
tion alters  the  hydrogen  to  carbon  monoxide  ratio 
in  the  medium  Btu  gas  to  that  required  in  equation 
4-5. 

2H2  +  CO  catalyf  CHsOH  (4-5) 

AH  =  -26  kcal 

Methanol  is  a  major  industrial  organic  chemical. 
It  is  wfdely  used  both  as  a  solvent  and  intermediate 
for  the  synthesis  of  other  materials.  Its  largest  use  is 
for  conversion  into  formaldehyde  which  is  important 
to  the  forest  products  industry.  Formaldehyde  is 
used  to  make  synthetic  resins  such  as  urea-formal- 
dehyde and  phenol-formaldehyde.  The  resins  are 
used  in  the  manufacture  of  plywood,  particleboard, 
and  plastics. 

Both  ammonia  and  methanol  will  have  economic 
competition  from  coal  gasification.  Coal  to  metha- 
nol conversion  efficiency  (59  percent)  is  higher  than 
that  for  wood  to  methanol  (38  percent).  Further- 
more, coal  conversion  facilities  will  be  larger,  mak- 
ing them  even  more  efficient.  Ammonia  from  wood 
appears  more  promising  than  methanol.  Wood  has 
a  lower  carbon  to  hydrogen  ratio  than  coal  which 
favors  the  wood  feedstock.  There  is  also  a  possi- 
bility that  natural  gas  currently  being  flared  in  the 
Middle  East  will  be  converted  to  methanol  or  other 
synthesis  gas  derivatives  and  exported  (Love  and 
Overend  1978). 

Liquid  Fuels  for  A  utomobiles.  —  Methanol  and 
ethanol  (see  chapter  6  for  ethanol  process)  can  both 
be  used  to  fuel  modified  automobile  engines.  Such 
modification  includes  the  use  of  fuel  injection  sys- 
tems as  well  as  some  type  of  induction  heating  sys- 
tem to  improve  vaporization  of  the  alcohols  (Park 
et  al.  1978ab).  Methanol  and  ethanol  can  also  be 
blended  with  gasoline  to  fuel  unmodified  automobile 
engines.  Such  mixtures  are  popularly  termed  gasahol. 

Addition  of  methanol  and  ethanol  increases  the 
octane  rating  of  gasoline,  much  in  the  way  that  tetra- 
ethyl  lead  and  other  additives  do.  Potential  prob- 
lems include  loss  of  performance  (especially  in  blends 
higher  than  15  percent  alcohol),  possible  phase  sep- 
aration of  the  alcohol  from  the  gasoline  caused  by 
excessive  moisture,  and  corrosion  of  fuel  system 
parts.  Although  these  problems  will  not  be  difficult 
to  overcome,  correction  will  cost  the  consumer. 

A  national  gasahol  plan  for  the  United  States  has 
become  a  major  controversy  (Anderson  1978).  Pro- 
ponents contend  that  by  blending  5  to  10  percent 
ethanol  or  methanol  with  gasoline,  oil  imports  could 
be  reduced  as  much  as  20  percent.  Opponents  indi- 
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cate  the  economics  are  not  justified  as  long  as  gaso- 
line remains  cheaper  than  the  alcohols.  The  current 
price  of  ethanol  is  $1.25  per  gallon  while  gasoline 
is  $.38  per  gallon  at  the  refinery  gate  (late  1978). 

In  Brazil,  a  $400  million  program  is  now  underway 
to  produce  ethanol  from  sugar  cane  and  cassava  to 
replace  20  percent  of  the  country's  gasoline  require- 
ments by  the  early  1980's  (Hall  1978,  Hammond 
1977).  But  in  Brazil,  which  imports  over  80  percent 
of  its  oil,  ethanol  costs  the  consumer  $1  per  gallon 
compared  with  $1.50  per  gallon  for  gasoline. 

Park  et  al.  (1978ab)  indicate  in  a  preliminary  re- 
port to  the  Department  of  Energy  that  a  national 
gasahol  program  appears  premature.  After  1990,  the 
potential  for  such  a  program  should  be  more  promis- 
ing. By  then,  however,  methanol  and  ethanol  might 
be  economically  converted  to  gasoline. 

A  new  process  to  convert  methanol  into  gasoline 
has  been  developed  by  Mobil  Research  and  Devel- 
opment Corporation  (Meisel  et  al.  1976,  Chang  and 
Silvestri  1977).  The  Mobil  process  uses  a  newly  dis- 
covered zeolite  catalyst  to  quantitatively  convert 
methanol  to  hydrocarbons  and  water. 

YrH.OH  catalyst  ,rH, 

99  + 


L2IX  +  XHzO 


(4-6) 


Most  of  the  hydrocarbon  molecules  produced  are 
in  the  gasoline  boiling  range  (C4  to  C10);  total  gaso- 
line yield  is  about  80  percent  of  the  hydrocarbon 
product.  This  synthetic  gasoline  has  unleaded  Re- 
search Octane  Numbers  (RON)  of  from  90  to  100. 
Some  of  the  remaining  lower-boiling  hydrocarbons 
can  be  converted  into  gasoline  by  an  additional  alky- 
lation  reaction.  When  this  is  done,  total  gasoline 
yield  approaches  90  percent.  The  remaining  10  per- 
cent is  valuable  liquified  petroleum  gas  (LPG)  (Mei- 
sel et  al.  1976). 

The  primary  source  of  methanol  for  the  Mobil 
process  is  expected  to  be  coal  in  the  United  States 
and  perhaps  natural  gas  in  some  other  countries. 
However,  in  some  areas  it  may  be  economically  feas- 
ible to  use  wood  as  a  source  of  methanol  (fig.  4-5). 


The  Fischer-Tropsch  reaction  also  makes  hydro- 
carbons from  synthesis  gas  (Wiseman  1972).  The  pro- 
cess was  used  by  Germany  during  World  War  II  to 
produce  both  liquid  fuels  and  hydrocarbons  for 
chemical  syntheses.  The  reaction  uses  a  cobalt  cat- 
alyst at  high  temperatures  to  give  a  complex  mixture 
of  hydrocarbons.  While  gasoline  can  be  made  from 
the  process,  extensive  facilities  are  needed  to  sep- 
arate and  upgrade  the  primary  reaction  products. 
Today  the  process  is  uneconomical  in  most  countries, 
but  is  used  in  South  Africa. 

Catalysis.  —  All  of  the  reactions  described  above 
are  carried  out  with  heterogeneous  catalysis.  That  is 
the  reactants  are  gases  and  liquids  which  come  in 
contact  with  a  solid  catalyst.  The  reactions  occur  on 
the  surface  and  in  crevices  of  the  catalyst.  Hetero- 
geneous catalysis  is  advantageous  because  the  cata- 
lyst can  be  separated  readily  from  the  product  stream 
resulting  from  the  reaction. 

Heterogeneous  catalysis  has  been  the  backbone  of 
the  petrochemical  industry.  Recently,  homogeneous 
catalysis  (both  reactants  and  catalyst  are  in  solution) 
by  use  of  metal  cluster  compounds  has  been  demon- 
strated for  several  reactions.  Of  interest  to  the  utili- 
zation of  synthesis  gas  is  the  reduction  of  carbon 
monoxide.  Ethylene  glycol,  an  important  industrial 
chemical,  can  be  produced  in  high  yield  from  the 
reaction  of  synthesis  gas  with  a  rhodium  complex. 


(4-7) 


Rhodium 
H2  +  cn  complex  HorH,rH7nH  + 
other  alcohols 

78%  22% 

ethylene  glycol  other  alcohols 

Under  certain  conditions  methanol  can  also  be  pro- 
duced by  this  approach.  While  these  homogeneously 
catalyzed  reactions  will  undoubtedly  be  employed 
in  the  future,  they  are  not  yet  commercially  feasible 
(Wender  in  press.  Anderson  in  press). 
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Figure  4-5.  —  Overall  scheme  for  the  production  of  gasoline  from  wood.  Selling  the  methane  produced  in  the  gasification  step  instead  of 
reconverting  it  into  synthesis  gas  would  lower  the  cost  of  methanol  production.  (Drawing  after  Meisel  et  al.  1976.) 
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CHAPTER  5 

Pyrolysis 

Pyrolysis  is  the  thermal  decomposition  of  organic 
matter  in  the  absence  of  air.  The  heat  to  initiate 
the  process  can  be  applied  externally,  or  as  is  com- 
mon in  charcoal  manufacture,  part  of  the  wood  may 
be  burned  by  air  combustion  to  generate  the  heat 
necessary  to  start  the  pyrolysis  process  (U.S.  Forest 
Prod.  Lab.  1961).  Pyrolysis  is  generally  carried  out 
at  lower  temperatures  than  gasification  and  is  pri- 
marily for  producing  solid  or  liquid  fuels. 

In  the  past,  pyrolysis  was  referred  to  as  destruc- 
tive distillation.  Principal  marketable  products  from 
a  hardwood  distillation  industry  30  years  ago  were 
acetic  acid,  methanol,  and  charcoal  (Beglinger  1948). 
Distillation  was  carried  out  in  externally  heated 
ovens  and  retorts.  Today,  methanol  and  acetic  acid 
are  produced  much  more  cheaply  by  the  petrochem- 
ical industry.  However,  wood  charcoal  remains  an 
economically  viable  product. 

Most  charcoal  produced  in  the  United  States  to- 
day is  processed  into  briquets  for  cooking.  Some  is 
used  as  an  industrial  fuel  and  some  for  metallurgical 
processing  and  some  to  make  activated  carbon 
(Baker  1977,  Walker  in  press).  In  the  near  future, 
wood  charcoal  may  be  slurried  with  high-sulfur  oil 
or  mixed  with  high-sulfur  coal  before  pulverization 
to  make  a  fuel  which  would  have  lower  sulfur  di- 
oxide emissions  and  thus  possibly  comply  with  air 
pollution  regulations  (Bliss  and  Blake  1977).  Addi- 
tionally, the  charcoal-oil  slurry  could  help  reduce 
reliance  on  imported  oil.  Technically,  both  pro- 
cesses are  expected  to  be  feasible,  but  a  problem 
may  come  about  in  securing  a  reliable  charcoal  sup- 
ply for  the  large,  conventional  oil-  and  coal-fired 
central  stations  where  this  is  proposed. 

Wood  is  also  suitable  for  making  activated  carbon. 
This  can  be  done  by  steam  activation  of  wood  char- 
coal; yield  is  generally  around  12-15  percent  based 
on  the  weight  of  the  dry  wood  (Baker  1977).  Little 
activated  carbon  is  made  from  wood  today  because 
that  made  from  coal  and  coconut  hulls  is  sufficient 
to  supply  the  market.  However,  the  EPA  is  consid- 
ering requiring  the  use  of  activated  carbon  by  all 
water  treatment  plants.  The  EPA  has  found  sus- 
pected carcinogens  such  as  chloroform  and  carbon 
tetrachloride  in  municipal  water  systems,  and  acti- 
vated carbon  can  remove  these  agents.  Today,  the 
main  markets  for  activated  carbon  are  for  water  and 
waste  water  treatment,  air  pollution  control  systems, 
catalyst  supports,  sugar  decolorization,  and  auto 
evaporation  control  systems.  About  one-third  of  the 


market   is   for   water   and  waste  water  treat i 
(Walker  in  press). 

In  the  United  States,  most  wood  charcoal  is  now 
produced  either  in  a  batch  process  using  Missouri- 
type  kilns  or  in  a  continuous  process  using  a  Herre- 
shoff  multiple-hearth  furnace.  Other  continuous 
processes  recently  have  been  developed  which  can 
be  used  to  produce  liquid  and  gaseous  fuels  as  well 
as  charcoal  (Bliss  and  Blake  1977,  Baker  1977). 
5-1  Charcoal  Formation  in  Kilns 

Ignition,  coaling,  and  cooling  are  the  three  stages 
in  the  formation  of  charcoal  from  wood  (Hallett 
1971).  These  stages  are  readily  distinguished  when 
describing  the  production  of  charcoal  by  batch  pro- 
cesses. 

Ignition  is  endothermic  (requires  heat)  and  re- 
quires considerable  air  (U.S.  Forest  Prod.  Lab.  1961). 
The  wood  is  first  ignited  with  kindling  and  kerosene 
and  allowed  to  burn.  Temperatures  in  the  kiln  ra- 
pidly rise  to  about  1,000°F  and  then  drop  when 
most  of  the  starter  fuel  has  been  consumed.  Coal- 
ing begins  around  540°F,  and  at  that  temperature 
the  process  becomes  exothermic  (gives  off  heat). 
When  the  coaling  stage  is  reached,  the  amount  of  air 
is  restricted  to  control  kiln  temperature  and  to  en- 
sure that  the  wood  will  form  charcoal  and  not  burn 
to  ash.  For  the  production  of  good  quality  charcoal, 
kiln  temperatures  of  850°  to  950°F  are  maintained 
during  coaling. 

After  coaling,  the  kiln  is  completely  sealed  to  ex- 
clude all  air  and  allowed  to  cool.  When  tempera- 
tures are  150°F  or  less,  it  is  generally  safe  to  open 
the  kiln. 

A  complete  cycle,  from  ignition  through  cooling, 
may  require  6  to  7  days.  Typical  charcoal  produced 
from  wood  will  have  a  higher  heating  value  of  about 
12,000  Btu/lb.  Proximate  analysis  will  be  about  20  to 
25  percent  volatile  matter  and  75  to  80  percent  fixed 
carbon  on  a  moisture  free  and  ash  free  basis.  Ash 
content  is  generally  about  four  times  that  of  wood 
(Peter  1957,  Baker  1977,  U.S.  Forest  Prod.  Lab 
1961). 

The  transformation  of  wood  into  charcoal  has 
been  studied  recently  by  simulating  commercial 
charring  conditions  in  the  laboratory  (Slocum  et  al. 
1978).  Most  work  has  been  done  on  oak  and  hickory. 
Study  of  mass  loss,  shrinkage,  and  physical  prop- 
erties of  charcoal  produced  under  various  coaling 
conditions  will  lead  to  a  better  understanding  of  this 
very  complex  and  incompletely  understood  process 
(McGinnes  et  al.  1971,  Anon  1975).  Analytical  tech- 
niques that  have  been  found  especially  useful  for 
these  studies  include  the  use  of  scanning  electron 
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microscopy  to  follow  shrinkage  and  smali  angle  X- 
ray  analysis  to  evaluate  micropore  formation  in  the 
charcoal  (von  Bastian  et  al.  1972,  Blankenhorn  et  al. 
1972,  Beall  et  al.  1974,  McGinnes  et  ai.  1974,  McGin- 
nes  et  al.  1976). 

In  the  past,  small-scale  charcoal  production  was 
accomplished  with  a  variety  of  kilns.  As  any  rela- 
tively air-tight  structure  with  properly  placed  smoke 
and  draft  vents  can  be  used  to  produce  charcoal, 
small  kilns  with  capacities  of  1/2  cord  to  10  cords 
or  more  were  popular  through  the  late  1950's  (fig. 
5-1)  Such  kilns  varied  considerably  in  construction 
and  size;  building  materials  commonly  were  cinder 
blocks,  bricks,  stone,  metal,  and  reinforced  con- 
crete. Yields  of  charcoal  varied  greatly  in  the  kilns, 
even  under  optimal  operating  conditions.  In  cinder 
block  kilns  typical  yields  for  seasoned  hardwoods 
averaged  around  900  lb  of  charcoal  per  cord  and 
slightly  less  for  unseasoned  hardwoods  (Witherow 
1956,  Witherow  and  Smith  1957,  Peter  1957,  Page 
and  Wyman  1969,  U.S.  Forest  Prod.  Lab  1961). 


Today,  over  half  of  the  Nation's  wood  charcoal 
is  produced  in  Missouri-type  kilns  (Baker  1977).  Mis- 
souri-type (fig.  5-2)  kilns  use  roundwood  or  sawmill 
slabs.  Typically  the  kilns  are  made  of  poured  con- 
Crete  and  have  an  average  capacity  of  50  cords. 
Some,  however,  hold  up  to  100  cords.  White  oak 
and  hickory  are  the  two  major  species  of  wood  used. 

5-2  Herreshoff  Multiple-Hearth  Furnace 

The  Herreshoff  multiple-hearth  furnace  uses 
hogged  wood  or  bark  to  produce  charcoal  in  a  con- 
tinuous process  (fig.  5-3).  Production  rates  range 
from  1  to  4  tons  per  hour.  As  these  units  operate 
continuously,  they  must  be  fed  a  steady  supply  of 
wood.  The  smallest  of  these  furnaces  requires  about 
100  tons  of  wood  per  day  on  a  dry  basis.  With  wood 
that  has  moisture  content  of  40  percent,  the  produc- 
tion rate  of  charcoal  is  about  1  ton  per  hour. 

The  Herreshoff  furnace  consists  of  several  hearths 
stacked  one  on  top  of  the  other  and  enclosed  in  a 
cylindrical,  refractory-lined  steel  shell  (Nichols  Engi- 


Figure  b-\.  — One-half -cord  sheet  metal  beehive  kiln.  Fully  portable,  these  kilns  were  developed  in  the  1930s  and  were  still  in  wide  use 
through  the  1960's.  The  kiln  shown  here  is  in  the  coaling  phase.  (Photo  from  Page  and  Wyman  1969.) 
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Figure  5-2.  —  Missouri-type  batch  kiln.  (Photo  courtesy  of  Bob  Massengale,  Missouri  Department  of  Conservation.  I 


neering  and  Research  Corp.  1975,  Bliss  and  Blake 
1977).  Passing  up"  through  the  center  of  the  furnace 
is  a  shaft  which  carries  arms  with  rabble  teeth.  As 
the  shaft  turns,  the  teeth  constantly  plow  through 
and  turn  the  fuel  over  while  moving  it  in  a  spiral 
path  across  the  hearth  floors  toward  drop  holes  that 
connect  each  hearth.  The  drop  holes  alternate  on 
each  hearth  floor  between  the  inner  periphery 
(around  the  shaft)  and  the  outer  periphery  of  the 
hearth.  The  rabble  teeth  are  alternately  angled  so 
that  the  material  moves  in  the  direction  of  the  next 
set  of  drop  holes.  In  this  way  material  fed  at  the 
top  of  the  furnace  is  spread  over  and  across  each 
hearth  floor  in  a  radial  flow  that  alternates  inwardly 
and  outwardly  until  the  charcoal  is  finally  dis- 
charged from  the  bottom  of  the  furnace.  Material  is 
dried,  heated,  and  carbonized  as  it  passes  downward 
through  the  furnace  while  hot  combustible  gas  pro- 
duced passes  upward  in  a  current  counter  to  the 
flow  of  the  material  (fig.  5-4). 

Heat  for  startup  is  provided  by  gas-  or  oil-fired 
burners  mounted  in  the  sides  of  the  hearths.  When 
the  proper  furnace  temperature  has  been  attained, 
the  auxiliary  fuel  is  turned  off.  To  sustain  pyrolysis, 
sufficient  combustion  air  is  allowed  into  the  furnace 
to  burn  some  of  the  volatile  gases  produced.  Air 
entry  is  regulated  to  maintain  furnace  temperatures 
at  900  to  1200°F.  The  evolving  combustible  gases 
are  more  than  that  needed  for  drying  and  carboniz- 
ing the  wood  and  can  also  be  burned  in  a  boiler 


after  they  exit  the  furnace.  With  a  heating  value  of 
about  200  Btu  per  sdcf  plus  the  sensible  heat  of  the 
exhaust  temperature,  the  pyrolysis  gases  from  the 
production  of  2  tons  of  charcoal  per  hour  can  gen- 
erate about  50,000  lb  per  hour  of  high  pressure 
steam  (Bliss  and  Blake  1977).  Yield  of  charcoal  will 
vary  with  moisture  content  of  the  feed;  about  8  tons 
of  wet  wood  (50  percent  MC)  are  required  to  pro- 
duce 1  ton  of  charcoal. 

5-3  Tech-Air  System 

Knight  and  Bowen9  describe  a  steady-flow  pyroly- 
sis system  that  produces  a  pyrolytic  oil,  charcoal, 
and  off  gases.  The  oil,  which  has  a  heating  value  of 
10,000  to  13,000  Btu/lb,  is  obtained  by  passing  the 
pyrolysis  vapors  through  a  condenser.  Remaining 
non-condensable  gases  which  contain  about  200 
Btu/sdcf,  are  used  to  pre-dry  incoming  wood  fuel 
(fig.  5-5).  Incoming  fuel  is  pre-dried  to  about  4  per- 
cent moisture  content  before  entering  the  converter 
or  pyrolysis  unit.  The  non-condensable  gases  are  suf- 
ficient to  pre-dry  fuel  of  up  to  50  percent  moisture 
content.  About  35  percent  of  the  energy  content  of 
the  wood  fuel  is  in  the  charcoal  and  about  35  percent 
in  the  pyrolytic  oil.  On  a  weight  basis,  charcoal 
yield  is  23  percent  while  pyrolytic  oil  yield  is  25 


1  J.  A.  Knight  and  M.  D.  Bowen.  Pyrolysis— a  method  for  conver- 
sion of  forestry  wastes  to  useful  fuels.  13  p.  Paper  presented  at 
the  Southeast.  Tech.  Div.  of  Am.  Pulpwood  Assoc,  fall  meeting, 
i  Atlanta,  Ga.,  Nov.  5-6,  1975). 
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Figure  b-l.-Nichols-Herreshoff  multiple  hearth  furnace  for  the  production  of  wood  charcoal.  (Drawing  from  Nichols  Engineering  and 
Research  Corporation. ) 
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Figure  5-4. — Feed  and  gas  flow  diagram  for  the  Nichols-Herreshoff  multiple  hearth  furnace. 
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Figure  5-5.  —  Block  flow  diagram  for  the  Tech-Air pyrolysis  system.  (Drawing  after  Knight  and  Bowen9J 
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percent.  Charcoal  heating  values  ranges  from  11,000 
to  13,500  Btu/lb.  The  process  has  been  operated  on 
a  scale  of  50  dry  tons  of  fuel  per  day,  and  process- 
ing up  to  200  tons  per  day  appears  feasible  (Bliss 
and  Blake  1977). 

5-4  Occidental  Flash  Pyrolysis 

Preston  (1975)  describes  a  pyrolysis  system  that 
internally  recycles  the  charcoal  produced  in  order  to 
supply  heat  energy  for  the  pyrolysis  process.  The 
primary  products  are  pyrolytic  oil,  off-gases,  and 
water.  The  process  was  developed  primarily  for  py- 
rolyzing  municipal  refuse  while  recovering  valuable 
metals  and  glass  (fig.  5-6).  It  is  presented  here  be- 
cause the  process  will  work  as  well,  maybe  better, 
with  wood  feed.  Of  course,  the  glass  and  metal 
recovery  systems  will  not  be  needed. 

This  pyrolysis  is  aimed  at  producing  a  maximum 
yield  of  combustible  liquid  or  oil.  Pyrolysis  is  carried 
out  on  finely  shredded  organic  material  which  is  car- 
ried into  the  reactor  by  recycled  off-gases.  Pyrolysis 
takes  place  at  950°F  at  about  1  atmosphere  and 
with  short  residence  time.  The  charcoal  is  separated 
from  the  product  stream  by  cyclone  separators  and 
then  combusted  in  the  charcoal  burner.  The  remain- 
ing pyrolytic  vapors  are  rapidly  quenched  to  prevent 
further  cracking  of  the  oils.  At  this  point,  the  prod- 
ucts are  separated  into  pyrolytic  oil,  gas  and  water. 
The  pyrolytic  oil  (10,600  Btu/lb)  produced  is  in- 
tended to  be  sold  as  a  substitute  for  No.  6  residual 
(Bunker  C)  fuel  oil.  The  pyrolysis  gases  have  a  heat- 


ing value  of  about  380  Btu/sdcf,  are  recycled  for 
use  as  a  transport  medium,  and  eventually  are 
burned  to  provide  heat  to  the  rotary-kiln  dryer. 

CHAPTER  6 

Other  Processes 
6-1  Liquefaction 

Wood  can  be  converted  to  an  oil  by  reaction  with 
synthesis  gas  and  an  alkaline  catalyst  under  high 
temperature  and  pressure  (Lindemuth  1978)  (fig. 
6-1).  Part  of  the  wood  can  be  used  to  produce  the 
synthesis  gas  by  gasification.  Preparation  includes 
drying  and  grinding  the  wood  before  blending  with 
recycled  oil  to  produce  a  wood  oil  slurry  of  about 
30  percent  solids.  The  slurry,  synthesis  gas,  and  the 
alkaline  catalyst  (sodium  carbonate  solution)  are 
then  reacted  at  600°  to  700°F  and  2,000  to  4,000  psi 
for  various  lengths  of  time.  The  oil  is  separated 
from  unreacted  wood  and  ash  and  part  is  recycled 
to  blend  with  incoming  wood.  The  waste  stream  con- 
tains catalyst  and  unreacted  wood. 

In  the  original  process,  which  was  developed  by 
the  U.S.  Bureau  of  Mines,  carbon  monoxide  plus 
steam  and/or  hydrogen  was  used  as  a  reducing  mix- 
ture in  the  presence  of  alkaline  catalysts  (Na2C03or 
HC02Na)  at  temperatures  up  to  750°F  and  pressures 
as  high  as  5,000  psi  (Appel  et  al.  1975).  Under  these 
conditions  it  was  found  that  cellulosic  materials 
such  as  urban  refuse,  sawdust,  bovine  manure,  and 
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Figure  6-1.—  Wood  liquefaction  scheme.  (Drawing  after  Lindemuth  1978.) 


sewage  sludge  could  be  converted  to  heavy  oils. 
However,  it  was  noted  that  materials  containing 
larger  quantities  of  lignin  or  other  non-carbohydrates 
may  require  more  severe  reaction  conditions.  Bark, 
which  has  a  high  phenolic  content  that  would  con- 
sume considerable  quantities  of  the  alkaline  catalyst, 
may  not  be  suitable  for  this  process  as  originally 
designed. 

A  unit  in  Albany,  Oregon  is  testing  the  feasibility 
of  using  the  U.S.  Bureau  of  Mines  process  to  liquefy 
wood  and  other  biomass  on  a  large  scale.  Incoming 
wood  chips,  which  normally  have  a  moisture  content 
of  about  50  percent,  are  dried  to  about  1  to  5  per- 
cent moisture  content  in  a  gas-fired  rotary  drier. 
The  dried  wood  is  then  hammerrnilled  to  about  50 
mesh  before  being  slurried  with  recycled  product 
oil.  A  catalyst  solution  of  sodium  carbonate  is  added 
and  carbon  monoxide  gas  is  sparged  through  the 
mixture.  Results  to  date  have  indicated  reaction  times 
of  25  to  30  minutes  should  be  adequate  for  a  com- 
mercial plant.  Product  yield  ranges  from  40  to  50 
percent.  On  a  volume  basis,  the  heating  value  of 
the  wood-produced  oil  is  about  four  times  higher 
than  that  of  wood.  The  viscosity  of  the  oil  is  high 
and  has  presented  some  problems  in  mobility  (table 
6-1).  Current  research  at  the  Albany  plant  is  aimed 
at  solving  problems  of  viscosity  buildup  and  purifi- 
cation of  the  oil  (Lindemuth  1978). 

6-2  Hydrolysis  and  Fermentation 

Cellulose  and  hemicelluloses,  the  principal  poly- 
meric carbohydrates  (polysaccharides)  of  wood,  can 
be  converted  into  simple  hexose  (six  carbon)  and 
pentose  (five  carbon)  sugars  by  hydrolysis.  Cellu- 


Table  6-1.  —  Average  properties  of  wood  produced  oil  (Lindemuth 
1978) 


Reactor  residence  time 

20  min 

60  min 

Viscosity  @  100°  L.Cp 

10,000-20,000 

3,000-12,000 

Heating  value  Btu/lb 

15,700 

16,000 

Elemental  analysis 

%C 

86.0 

88.3 

%H 

6.4 

6.7 

%0 

6.4 

4.0 

%N 

0.4 

0.1 

lose,  which  is  a  linear  polymer  of  /3  (1  — >  4)  linked 
anhydroglucose  units,  yields  the  hexose  sugar  glu- 
cose. Hemicelluloses  are  composed  of  several  differ- 
ent polysaccharides.  In  the  pine-site  hardwoods  the 
major  hemicellulose  is  an  acetylglucuronoxylanl0 
Hydrolysis  of  the  pine-site  hardwood  hemicelluloses 
predominantly  yields  the  pentose  sugar  xylose.  Lesser 
amount  of  other  constituents  will  also  be  released 
from  the  hemicelluloses,  as  follows:  arabinose  (a 
pentose  sugar);  glucose,  galactose,  and  mannose 
(hexose  sugars);  and  glucuronic  acid. 

An  insoluble  lignin  residue  can  also  be  recovered 
from  wood  hydrolysis  processes  by  centrifugation  or 
filtration  (Hoyt  and  Goheen  1971).  Called  hydrolysis 
lignin,  this  material  is  condensed  and  contains  some 
unhydrolyzed  cellulose  residues.  Hydrolysis  lignin 
should  not  be  confused  with  kraft  lignin  or  sulfite 
lignin,  residues  from  pulping  processes  (Sarkanen 
and  Ludwig  1971). 


1  Unpublished  data  from  H.  L.  Hergert,  ITT,  Rayonier,  New 
York,  N.Y. 
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The  three  major  products  of  pine-site  hardwood 
hydrolysis,  glucose,  xylose,  and  lignin,  potentially 
can  be  used  in  a  number  of  ways.  At  present,  using 
them  to  produce  ethanol,  furfural,  and  phenol  is  of 
much  interest  (fig.  6-2). 

Ethanol  is  used  as  a  solvent  to  manufacture  pharm- 
aceuticals and  perfume  and  as  an  intermediate  in 
organic  syntheses.  It  could  be  used  as  a  clean  burn- 
ing fuel  and  can  be  mixed  with  gasoline  to  make 
gasohol.  In  the  United  States,  most  ethanol  is  pro- 
duced by  the  petrochemical  industry  from  ethylene. 

Fermentation  to  produce  ethanol  is  an  old,  well 
established  process.  In  one  approach  that  might  be 
taken  with  a  pine-site  hardwood  hydrolysis  mixture, 
glucose  and  the  other  hexose  sugars  can  be  selec- 
tively fermented  to  ethanol  by  saccharomyces  yeast. 
Xylose  and  arabinose  are  left  unchanged,  and  the 
xylose  can  be  recovered  by  crystallization  (Herrick 
andHergert  1977). 

The  dehydration  of  pentose  sugars  such  as  xylose 
to  furfural  is  a  well  known  acid-catalyzed  reaction 
that  is  favored  by  high  temperature  and  pressure. 
Current  production  of  furfural  in  the  United  States 
is  from  pentose-rich  agricultural  residues  such  as 
corn  cobs,  grain  hulls,  and  sugar  cane  bagasse.  Fur- 
fural is  used  as  a  solvent  and  as  an  intermediate 
for  the  production  of  furan  derivatives. 

The  largest  use  of  phenol  is  in  producing  plywood 
adhesives.  Thus,  the  phenol  market  fluctuates  with 
demand  for  new  housing.  Phenol  is  also  used  in 
molded  products  and  adhesives  that  are  used  in  auto- 
mobile and  appliance  manufacture. 

Today,  nearly  all  phenol  is  made  from  cummene, 
a  petrochemical,  but  various  hydrogenolysis  tech- 
niques also  can  produce  phenols  from  lignin.  Re- 
portedly, yields  in  the  neighborhood  of  40%  of  mon- 
omeric  phenol  derivatives  have  been  obtained  in 
pilot-plant  experiments  (National  Research  Council 
1976).  However,  hydrodealkylation  of  the  mixture  of 
phenol  derivatives  to  a  high  yield  of  phenol  is  not 
a  proven  process. 


Other  potential  uses  for  the  hydrolysis  products 
of  pine  site  hardwoods  include  the  production  of 
Torula  yeast,  a  protein  supplement  (Herrick  and] 
Hergert  1977).  Unlike  fermentation  to  ethanol,  which 
utilizes  only  the  hexose  sugars,  both  hexose  and] 
pentose  sugars,  certain  sugar  acids,  and  carbohy- 
drate fragments  can  be  used  to  grow  the  yeast.  A 
reagent  such  as  Raney  Nikle  or  a  hydrogenation  cat- 
alyst can  reduce  xylose  and  glucose  to  xylitol  and 
sorbitol,  their  corresponding  sugar  alcohols.  Hydrol- 
ysis lignin  can  be  used  as  a  soil  conditioner,  filler 
for  resins  and  rubber,  depressant  in  ore  floatation,  ] 
decay-retardant  in  fabrics,  a  binding  agent  for  par-] 
tide  and  hardboard,  and  a  grinding  aid  for  Portland] 
cement   (Hoyt   and  Goheen    1971).   In  the  Soviet] 
Union,  much  of  the  hydrolysis  lignin  is  burned  asl 
fuel.  However,  the  high  moisture  content  must  bel 
removed  first.  In  one  process,  the  lignin  is  dried  to] 
12-18  percent  moisture  content  with  hot  flue  gases! 
and  then  pressed  into  briquettes.  It  has  also  been] 
suggested  that  hydrolysis  lignin  be  used  as  a  source] 
of   activated   carbon    (National   Research   Council  ] 
1976). 

Hemicelluloses   are   readily   hydrolyzable   under 
mild  acidic  conditions;  cellulose,  on  the  other  hand,! 
is  much  more  difficult  to  hydrolyze  because  of  its 
crystalline  organization  and  stable  structure.  Effi-1 
cient  production  of  sugars  from  whole-wood  hydrol-j 
ysis  must  take  into  account  this  difference  or  a 
competing  reaction  in  which  sugars  are  destroyed] 
can  occur  (Harris  1975). 

There  are  a  number  of  potential  wood  hydrolysis 
processes  (Oshima  1965,  Wenzl  1970,  Titchener  1976J 
Bliss  and  Blake  1977,  Karlivan  in  press).  The 
processes  use  hydrochloric  acid,  sulfuric  acid,  or  en- 
zymes (table  6-2).  The  acid-catalyzed  processes  can! 
be  further  divided  into  those  using  dilute  or  con- 
centrated acids.  Hydrolysis  with  dilute  acids  is  car- 
ried out  in  a  single  stage  at  elevated  temperature 
and  pressure.  Concentrated-acid  processes  are  gen- 
erally conducted  in  two  stages,  a  prehydrolysis  and 
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Figure  6-2.  —  Production  of  ethanol,  furfural,  and  phenol  from  pine-site  hardwoods  by  hydrolysis. 


50 


Table  6-2.— Some  processes  for  wood  hydrolysis  (Bliss  and  Blake  (1977). 


Main  hydrolysis  conditions 


Name 


Medium 


Temp. 

(°C) 


Time 
(h) 


Yield  of 
Fermentable 

Sugar 
(kg/t  wood) 


_  Recovery  method 

Concn  ,  .. 

for  medium 

wt  % 


Status 


Jcholler 

Madison 
-lokkaido 


1/2-1%  H2SO4 


180 


12 


^heinau-Udic  41%  HC1  20  About 


^oguchi-Chisso  HClgas  50  >1 

U.S.  Army  Enzymes  50  48 

Natick  Develop- 
ment Center 


1/2-%  H2SO4  180  3 

80%  H2SO4  40  >1 


352 


>352 


90-220 


4 

As  CaS04 

Several  plants  operated  in 
Europe  before  and  during 
World  War  II 

5.5 

AsCaS04 

Demonstration  plant  built 
1946  and  1952 

20 

Ion  exchange  to 

100  T/D  plant  at 

recover  25-35% 

Asahikawa  in  1963 

acid 

10 

Vacuum 

Semi-commercial  plant 

distillation 

(2000  ODT/yr  operated 

1959) 

30 

Vaporization 

1  t/d  plant  operated 

using  hot  air 

(1956) 

1.6-4.6 

- 

Experimental  bench-scale 

a  main  hydrolysis  stage  that  is  kept  near  ambient 
temperature. 

Dilute  acid  processes  are  typified  by  the  Scholler- 
Torensch  process  which  uses  0.5  percent  sulfuric 
acid  to  complete. hydrolysis  in  one  stage  at  elevated 
temperature  and  pressure.  Dilute  acid  is  percolated 
through  wood  chips  or  sawdust  followed  by  a  charge 
of  steam.  The  short  hydrolysis  time  does  not  com- 
pletely hydrolyze  the  cellulose,  so  the  acid-steam 
percolation  is  repeated  up  to  12  times.  The  dilute 
sulfuric  acid  in  the  hydrolyzate  is  neutralized  by 
calcium  carbonate  to  form  calcium  sulfate  (CaSO) 
which  is  removed  by  filtration.  The  yield  of  sugar 
on  a  weight  basis  is  around  40-50  percent  for  soft- 
woods (Titchener  1976,  Bliss  and  Blake  1977). 

The  Madison  process  is  a  continuous-flow  varia- 
tion of  the  Scholler-Torensch  process.  A  continuous 
flow  of  reagent  removes  the  hydrolyzate  to  a  cool 
zone  to  reduce  sugar  degradation.  Total  saccharifi- 
cation  time  is  about  one-fourth  of  that  required  in 
the  Scholler-Torensch  process,  thus  lowering  the  pro- 
duction cost.  Hardwoods  yield  about  35  percent  fer- 
mentable sugars  and  20  percent  pentoses  on  a  weight 
basis  (Titchener  1976,  Herrick  and  Hergert  1977). 

A  typical  example  of  a  concentrated-acid  process 
is  the  Rheinau-Bergius  process  which  was  used  by 
Germany  in  World  War  II  to  produce  yeast  from 
hydrolyzed  sugars.  In  stage  one,  fuming  hydrochloric 
acid  (up  to  41  percent)  is  used  to  degrade  cellulose 
mostly  to  lower  oligomers  at  ambient  temperatures. 
In  the  second  stage,  the  acid  is  diluted  with  water 
and  heated  to  yield  monomeric  sugars.  In  the 
Rheinau-Udic  process,  a  modification  of  the  earlier 


procedure,  prehydrolysis,  is  carried  out  with  a  .32 
percent  acid  solution  and  the  main  hydrolysis  uses 
41  percent  hydrochloric  acid.  The  hydrochloric  acid 
is  recovered  by  vacuum  distillation.  The  hydrolyzate 
is  post-hydrolyzed,  filtered,  decolorized,  and  passed 
through  an  ion-exchange  column,  before  crystalli- 
zation of  the  glucose.  Reportedly,  22  kg  of  crystal- 
line glucose  can  be  obtained  per  100  kg  of  wood 
(Wenzl  1970). 

The  use  of  hydrogen  chloride  gas,  rather  than 
concentrated  hydrochloric  acid,  is  the  basis  of  sev- 
eral proposed  processes  (Titchener  1976).  In  the 
Japanese  Noguchi-Chisso  process,  wood  is  first  pre- 
hydrolyzed  to  remove  hemicelluloses.  The  residue  is 
heated  with  a  5  percent  hydrochloric  acid  solution 
and  cooled.  Gaseous  hydrogen  chloride  is  then  ad- 
ministered; the  temperature  is  kept  below  10°C. 
Next,  the  temperature  is  raised  to  40°C  to  effect  hy- 
drolysis to  lower  oligomers.  The  hydrogen  chloride 
is  recovered  by  blowing  hot  air  through  the  hydroly- 
zate. Post-hydrolysis  at  100°C  with  3  percent 
hydrochloric  acid  yields  glucose.  In  this  step,  acid 
is  recovered  by  vacuum  distillation. 

The  advantages  of  this  system  are  the  simplicity 
of  acid  recovery,  fewer  corrosion  problems,  and  the 
sugar  solutions  are  more  highly  concentrated. 

In  the  Hokkaido  process,  first  prehydrolysis  is  car- 
ried out  with  steam  or  dilute  sulfuric  acid  at  tem- 
peratures up  to  185°C.  A  furfural  yield  of  65  to  75 
kg  per  tonne  of  dry  wood  is  obtained  from  dehydra- 
tion of  the  pentoses  in  the  reactor.  The  prehydroly- 
sis residue  is  then  dried,  powdered,  and  treated  wiih 
80  percent  sulfuric  acid  for  about  30  seconds.  The 
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reaction  mixture  is  immediately  washed  with  water 
and  filtered.  Acid  is  recovered  by  use  of  ion-exchange 
resins.  The  hydrolyzate,  which  still  contain  dilute 
sulfuric  acid^  is  post-hydrolyzed  by  heating  at  100°C. 
Yield  of  crystalline  glucose  is  about  280-290  kg/ton 
of  dry  wood  (Bliss  and  Blake  1977). 

Interest  in  enzymatic  hydrolysis  of  cellulose  to 
glucose  has  been  spurred  by  the  United  States  Army 
Natick  Development  Center's  development  of  strains 
of  Tricoderma  fungi.  These  fungi  produce  cellulase 
enzymes  that  have  been  tested  on  several  cellu'losic 
substrates  (Mandels  et  al.  1978,  Bliss  and  Blake  1977). 

The  enzymatic  hydrolysis  process  requires  two 
stages.  In  the  first,  the  enzyme  is  produced  by  grow- 
ing the  fungus  in  a  culture  medium  of  cellulose  pulp. 
After  a  period  of  growth,  the  broth  is  filtered  to  give 
the  enzyme-containing  solution  used  in  hydrolysis. 
Hydrolysis  generally  is  carried  out  at  pH  4.8  and 
50°C  on  ball-milled  cellulosic  substrates.  Pulveriza- 
tion by  ball  milling  is  necessary  to  break  down  cel- 
lulose crystallinity.  Yields  depend  on  the  substrate 
and  range  from  16-77  percent.  Pure  cellulose  pulp 
and  shredded  paper  give  respectable  yields  of  up  to 
77  percent.  Wood  waste,  on  the  other  hand,  yielded 
only  16  percent  reducing  sugars.  On  pulped  wood 
chips  the  yield  was  57  percent  (Mandels  et  al.  1978, 
Bliss  and  Blake  1977). 

While  these  enzymes  may  lead  to  a  non-corros- 
ive process  (as  opposed  to  acid  hydrolysis),  they 
require  pretreatment  of  the  wood  cellulose  because 
they  are  greatly  inhibited  by  the  cellulose  crystal- 
linity and  the  ligno-cellulosic  complex.  In  fact,  ligno- 
cellulosics  present  a  formidable  barrier  for  most  en- 
zyme systems.  Thus,  utilization  of  wood  to  produce 
methane  gas  by  anaerobic  digestion  using  bacteria 
or  use  of  wood  as  food  for  ruminants  is  not  yet 
fully  practical.  However,  wood  is  used  as  a  roughage 
for  ruminant  rations  (Baker  et  al.  1975).  The  best 
possibility  for  overcoming  the  low  reactivity  of  wood 
is  to  develop  a  cost-effective  pretreatment  that 
makes  lignocellulosics  react  to  enzymatic  hydrolysis 
(Millett  et  al.  1975). 

6-3  Prehydrolysis 

An  alternative  to  whole-wood  hydrolysis  is  to  re- 
move the  hemicelluloses  for  chemical  or  other  use 
in  a  mild  prehydrolysis  step,  and  then  to  use  the 
remaining  fibrous  cellulose  residue  in  a  pulping 
process  or  for  particleboard  or  fiberboard  manufac- 
ture or  for  fuel  (fig.  6-3.  Herrick  and  Hergert  1977). 

Prehydrolysis  can  be  carried  out  by  hot  water 
extractions.  Acids  in  the  wood  and  those  released 
by  hydrolysis  cause  extensive  depolymerization  of 
hemicelluloses.  The  resulting  water  soluble  carbo- 


hydrates are  mostly  low  molecular  weight  polysacl 
charides  with  smaller  amounts  of  monomeric  sugars! 
Yield  and  composition  depend  on  temperature  and] 
time  of  extraction.  Typically,  water  temperatures  oj 
100°  to  170°C  and  extraction  time  of  30  minutes  are] 
sufficient.  The  polysaccharides  containing  xylose! 
units  (xylans)  are  more  easily  hydrolyzed  than  the] 
corresponding  glucans;  thus,  prehydrolysis  of  hard-J 
woods  for  recovery  of  xylose  can  be  accomplished! 
at  lower  temperatures  than  for  hemicellulose  re-J 
moval  from  softwoods.  Typically  the  hot  water  pre-! 
hydrolyzate  of  hardwood  will  contain  polymers  ol 
xylose  (30  percent)  and  glucose  (25  percent)  (Her! 
rick  and  Hergert  1977). 

Hemicellulose  extracts  have  been  marketed  since! 
1965  as  Masonex,  an  ingredient  of  livestock  feed! 
(Galloway  1975).  The  fibrous  residue  or  pulp  is  used] 
to  manufacture  hardboard.  Only  steam  and  pressure; 
are  used  to  pulp  the  wood  chips  and  so  the  hemi- 
cellulose fractions  removed  are  not  contaminated  by] 
added  chemicals.  The  hot  water  extract  is  separated! 
from  the  pulp  by  vacuum  filtration  and  concentrated! 
by  evaporation  to  65-percent  solids.  The  resulting 
product  resembles  molasses  and  can  be  added  in 
cattle  feed  to  10  percent  by  weight.  Reportedly,  the 
product  contains  890  kilocalories  of  metabolizable; 
energy  per  gallon  (10.4  lb). 

Funk  (1975)  describes  a  prehydrolysis  process  that 
enables  recovery  of  up  to  80  percent  of  the  hemi- 
celluloses. mainly  as  the  monomeric  sugar  xylose. 
The  process  does  not  seriously  affect  the  fiber  resi- 
due. The  degree  of  polymerization  of  the  residual 
cellulose  is  on  the  order  of  900  DP  with  viscosity 
between  30  and  40  centipoise. 

In  the  process,  organic  acids  (acetic  and  formic) 
are  vaporized  and  injected  with  steam  into  the  di-i 
gester  where  the  wood  chips  are.  Reaction  time 
ranges  from  15  minutes  to  1  hour  and  the  tempera-. 
ture  is  kept  below  135°C.  Above  135°C,  xylose  deg-; 
radation  and  fiber  deterioration  occur.  More  acids: 
are  generated  in  this  process  than  are  injected,  so* 
acid  recovery  by  vacuum  distillation  is  feasible.  Xy- 
lose can  be  separated  from  glucose  and  other  sugars 
by  selective  crystallization  or  microbial  conversion. 
An  alternative  is  to  reduce  the  product  mixture  and 
separate  the  sugar  alcohols. 

When  furfural  is  desired  as  the  product  from  a 
hardwood  prehydrolysis  process,  it  may  be  advan- 
tageous to  add  some  dilute  sulfuric  acid.  The  dilute 
mineral  acid  helps  to  produce  furfural  by  removing 
and  hydrolyzing  the  hemicelluloses  and  dehydrating 
xylose.  Thus,  it  is  possible  to  produce  furfural  in  a 
one-stage  process  in  which  both  hydrolysis  and  dehy- 
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drat  ion  occur  in  the  reaction  vessel.  Harris  (1978) 
indicates  that  the  residue  from  such  a  process  can 
supply  more  fuel  for  heat  energy  than  the  process 
requires. 

CHAPTER  7 
Industrial  Use  of  Wood  Energy 

The  forest  products  industry  is  the  fourth  largest 
user  of  purchased  energy  in  the  Nation  (U.S.  Forest 
Service  1976).  (The  petroleum,  chemical,  and  pri- 
mary metals  industries  are  the  three  largest  users.) 
In  1974  the  forest  products  industry  purchased  about 
1.8  quads,  or  slightly  more  than  2  percent  of  the 
Nation's  total  energy  use  (Salo  et  al.  1978).  About 
1.3  quads  were  'fuel  oil  and  natural  gas,  energy 
sources  particularly  vulnerable  to  curtailment  and 
interruption. 

The  industry  also  generates  much  of  its  own  en- 
ergy from  mill  wastes  and  residues.  Pulp  and  paper 
mills  generate  the  most  by  burning  spent  pulping 
liquors,  wood,  and  bark.  Nationally,  pulp  and  paper 
mills  are  about  40  percent  energy  self-sufficient,  saw- 
mills about  20  to  40  percent,  and  plywood  and  ve- 
neer mills,  about  50  percent  (U.S.  Forest  Service 
1976).  At  50  percent,  southern  pulp  and  paper  mills 
are  more  energy  self-sufficient  than  the  national  aver- 
age (table  7-1).  However,  they  also  purchase  more 
energy  than  anyone  else  in  the  forest  products  in- 
dustry (table  7-2). 

Most  fuel,  purchased  and  residue,  is  burned  to 
generate  steam  which  satisfies  most  of  the  process 
requirements  for  the  industry.  However,  some  elec- 
tricity is  also  generated  in  the  industry  by  co-gen- 

Table  7-1 .  —Energy  use  pattern  for  southern  pulp  and  paper  mills' 


Energy  source 


Percent  total  energy  used 


Electricity 
Natural  gas 
Oil 
Coal 

Pulping  liquors 
Wood  and  bark 


3 
20 
20 

7 
43 

7 


Table  1-2.— Energy  purchased  by  the  pulp  and  paper  sector  by 
geographical  area' 


Geographic  area 


Energy  purchased 


South 
North 

Rocky  Mountain 
Pacific  Coast 
Total 


I0n  Btu's  Percent 

806  62 

286  22 

26  2 

182  14 


1300 


100 


1  Data  from  U.S.  Forest  Service  (1976). 


1  Data  from  U.S.  Forest  Service  (1976). 

eration.  Pulp  and  paper  mills  in  general  produce 
only  about  one-half  of  their  electrical  needs,  but 
sawmills  could  sell  excess  electricity  if  the  economics 
were  favorable  (Pingrey  and  Waggoner  1978). 

The  forest  products  industry  is  in  a  good  position 
to  achieve  greater  energy  self-sufficiency  by  burning 
more  wood  and  bark  residues  to  replace  or  supple- 
ment purchased  fossil  fuels  (Grantham  1978,  Salo 
et  al.  1978,  Pingrey  and  Waggoner  1978,  Benemann 
1978,  Hodam  1978).  Such  action  would  also  free  oil 
and  natural  gas  for  use  elsewhere  as  a  fuel  or  petro- 
chemical feedstock.  Because  of  its  proximity  to  vast 
amounts  of  virtually  unused  pine-site  hardwoods,  the 
forest  products  industry  in  the  South  has  a  better 
opportunity  than  anyone  else  in  the  country  to  con- 
vert to  wood  fuel. 

The  industry  already  has  experience  in  handling 
such  bulky  wood  materials.  However,  certain  prob- 
lems will  have  to  be  addressed,  mainly  storing  and 
handling  the  large  volume  of  wood  fuel  that  will  be 
required  to  replace  fossil  fuels.  Wood-fueled  furn- 
aces are  less  convenient  and  have  more  emissions 
than  those  operating  on  oil  and  natural  gas.  Finally, 
the  use  of  pine-site  hardwood  chips  as  a  fuel  may 
have  to  compete  with  their  use  for  making  higher- 
value  products. 

CHAPTER  8 

Economics 

As  a  replacement  for  natural  gas  (at  $2  per  million 
Btu)  to  generate  steam,  pine-site  hardwoods  have  a 
fuel  value  of  about  $15/green  ton  and  when  used  to 
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Table  8-1.—  Fossil  fuel  cost  for  steam  production  and  fuel  replacement  value  for  pine-site  hardwoods' 


Fuel 


Fuel  cost2 


Furnace 
efficiency 


Steam 
cost 


Fuel  replacement 
value  for  pine- 
site  hardwoods1 


Oil 
Natural  gas 


SIMM  Btu 
2.20 
2.00 


Percent 
80 
76 


SIMM  Btu 
2.75 
2.63 


$1  green  ton 
15.73 
15.04 


Does  not  include  handling,  storage,  maintenance,  amortization,  or  other  costs. 
:  Representative  values  for  natural  gas  and  oil. 
1  Following  assumed:  42  percent  moisture  content,  higher  heating  value  7,827  Btu/lb,  63  percent  furnace 

efficiency. 


replace  oil,  the  value  is  slightly  higher  (table  8-1). 
In  other  words,  1  green  ton  of  pine-site  hardwoods 
can  be  used  to  generate  the  same  amount  of  steam 
as  SI 5  worth  of  natural  gas.  If  the  wood  costs  less 
than  $15,  there  is  then  a  savings  in  fuel  cost.  The 
replacement  fuel  value  for  the  pine-site  hardwoods 
will,  of  course,  continue  to  rise  with  the  cost  of  oil 
and  natural  gas. 

Fuel  costs,  however,  are  only  one  consideration 
in  the  total  economic  picture.  Wood-fired  boilers 
cost  more  and  are  more  expensive  to  maintain  than 
oil  or  gas-fired  units.  Koch  and  Mullen  (1971)  indi- 
cated that  a  steam  boiler  for  burning  bark  and  oil 
would  cost  about  twice  as  much  as  a  boiler  using 
oil  only.  Similar  cost  comparisons  have  been  noted 
by  Corder  (1973).  Salo  et  al.  (1978)  estimated  capital 
costs  for  installing  new  wood-fired  steam  boilers  at 
about  $13  million  and  $25  million  for  155,000  and 
387,000  lb/hr  units.  Annual  operating  and  mainte- 
nance costs  were  projected  at  1.4  and  2.8  million 
dollars.  To  retrofit  an  oil-fired  boiler  (1400  Bbl/day) 
to  an  850  ovendry  ton/day  wood-fired  unit  would 
result  in  an  additional  capital  investment  of  $21.5 
million  and  an  increase  in  annual  operating  and 
maintenance  costs  of  $2.3  million,  but  would  de- 
crease fuel  costs  $4.2  million  annually. 

For  the  near  future,  the  economics  of  changing 
to  wood  fuel  will  be  site-specific.  Pingrey  and  Wag- 
goner (1978)  and  Salo  et  al.  (1978)  indicate  there  is 
general  lack  of  economic  incentive  to  change  based 
on  fuel  savings  alone.  Salo  et  al.  suggest  an  early 
retirement  tax  credit  or  an  investment  tax  credit  to 
encourage  the  use  of  wood  as  a  fuel. 

The  economics  of  converting  the  pine-site  hard- 
woods to  other  energy-related  products  is  subject  to 
considerable  uncertainty  because  most  of  the  con- 
version processes  are  not  yet  widely  used.  Addi- 
tionally, costs  of  harvesting  such  hardwoods  with 
conventional  equipment  are  sometimes  excessive. 
Several  studies  have  been  made  to  estimate  the  cost 
of  converting  wood  into  various  energy  forms,  and 


the  projected  costs  vary  considerably.  For  example, 
the  projected  price  of  methanol  from  wood  ranges 
from  40C/gallon  to  98C/gallon.  Such  differences  oc- 
cur because  different  variables  are  used  in  the  mod- 
els to  make  the  projections.  The  most  obvious 
variables  include  feedstock  cost,  production  plant 
size,  and  the  amount  of  return  on  investment. 

In  a  Mitre  Corp.  study,  Salo  et  al.  (1978)  estimate 
the  plant  gate  selling  prices  for  various  wood-derived 
energy  products  in  order  to  assess  the  near-term 
potential  (table  8-2).  These  values  should  be  con- 
sidered optimistic  as  feedstock  costs  are  very  low 
and  a  10  percent  rate  of  return  was  used  on  all  prod- 
ucts for  comparison  purposes.  For  the  methanol, 
ammonia,  and  ethanol,  this  rate  would  probably  be 
too  low  to  be  attractive  to  a  private  enterprise.  The 
conclusion  was  that  direct  combustion  of  wood  fuel 
is  probably  the  best  option  for  the  forest  products 
industry.  The  study  indicated  that  a  thorough  gasi- 
fication of  wood  to  low  Btu  gas  should  be  assessed 
to  determine  its  potential  for  large-scale  industrial 
applications  such  as  pulp  mills. 

Table  8-2. — Estimated  "plant-gate  "selling  prices'  for  energy  prod- 
ucts derived  from  wood2  (Sllff'  Btu  heating  value) 


Plant 

size 

850  dry  tons/day 

1700  dry  tons/day 

Process  steam 

2.70 

Low-Btu  fuel  gas  2.70 

Medium-Btu 

fuel  gas 

3.10 

2.60 

Charcoal  with- 

out credits 

4.90 

4.60 

Charcoal  with 

steam  credit 

2.10 

1.90 

Subtitute 

natural  gas 

4.60 

3.80 

Ammonia 

5.50  ($107 /ton) 

4.43  ($88/ton) 

Methanol 

7.60  l$0.50/gal) 

6.20  ($0.40/gal) 

Ethanol 

20.40  (1.65/gal) 

17.50  (1.40/galt 

Electricity 

11.80  (40  mills/kWh) 

8.80  (30  mills/kWh) 

1  Data  from  Salo  et  al  (1978).  Assumptions  include  a  10-percent 
return  on  investment  after  taxes. 
!  Wood  cost  is  Sl.00/106  Btu. 
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Stanford  Research  Institute  is  preparing  an  eco- 
nomic report  on  wood  energy  processes  likely  to 
achieve  commercialization  by  1985  (table  8-3). 
(Schooley  et  al.  1978).  The  base  case  assumes  feed- 
stock cost  of  $30/dry  ton  while  the  optimistic  case 
assumes  $20/dry  ton.  The  model  assumes  no  sub- 
sidies or  tax  incentives  and  15  percent  return  on 
investment. 

In  1975  Katzen  Associates  reported  on  the  separate 
or  combined  production  of  chemicals  from  wood 
(U.S.  Forest  Service  1976,  Seaman11  Grantham  1978, 
Hokanson  and  Rowell  1977).  Table  8-4  summarizes 
data  on  the  selling  prices  for  a  hardwood  plant.  As- 
sumptions included  a  delivered  price  of  $34/dry  ton 
and  that  its  availability  is  limited  to  1,500  dry  tons 
per  day.  Conclusions  drawn  from  the  Katzen  report 
are  that  chemicals  production  from  wood  is  not  eco- 
nomically attractive. 

CHAPTER  9 

The  Future 

Wood  fuel  will  play  a  major  role  in  supplying 
increasing  amounts  of  energy  for  the  forest  products 
through  the  turn  of  the  century.  However,  the  indus- 
try will  probably  depend  on  oil  and  natural  gas  for 


."J.  F.  Saeman.  Energy  and  materials  from  the  forest  biomass. 
20  p.  Paper  presented  at  Institute  of  Gas  Technology  Symp.  on 
Clean  Fuels  from  Biomass  and  Wastes.  (Orlando,  Fla.,  Jan.  25- 

28.  1977). 


as  long  as  these  resources  are  available.  Natural  gas 
use  is  likely  to  continue  for  at  least  a  decade.  Coal 
is  not  a  popular  fuel  alternative  due  to  environ- 
mental considerations  and  the  cost  of  shipping  and 
handling,  but  its  use  will  grow  to  perhaps  25  percent 
of  the  industry  needs  by  1985  (Junge  1975b).  Wood 
residues  will  remain  the  best  energy  bargain,  but 
economic  use  of  wood  sources  such  as  pine-site 
hardwoods  will  depend  on  the  development  of  ade- 
quate harvesting  technology. 

Oil  and  natural  gas  will  continue  to  be  the  pri- 
mary feedstocks  for  organic  chemicals  through  the 
turn  of  the  century  and  for  as  long  thereafter  as 
they  remain  the  least  expensive  alternat-ve  (Krieger 
and  Worthy  1978,  Grantham  1978,  Maisel  1978,  Her- 
rick  and  Hergert  1977).  A  popular  view  is  to  reduce 
the  use  of  oil  and  natural  gas  for  fuel  and  to  reserve 
this  source  for  petrochemical  production.  Before  the 
1940's,  coal  was  the  major  source  of  organic  chemi- 
cals and  is  considered  the  first  alternative  for  both 
fuel  and  petrochemicals.  At  current  energy  con- 
sumption rates,  there  is  enough  coal  to  last  several 
hundred  years. 

Wood  will  become  more  important  as  an  industrial 
raw  material  because  it  is  renewable.  Demand  for 
fibers  for  paper  and  textile  products  will  more  than 
double  by  the  turn  of  the  century  (Jahn  in  press). 
While  wood  is  not  competitive  with  petroleum  and 
coal  for  petrochemicals,  it  should  be  looked  at  for 
other  specialized  chemical  products  that  take  advant- 
age of  the  unique  molecular  structure  of  wood  and 


Table  8-3.  —  Sales  prices  required  on  8  products  to  yield  a  satisfactory  profit  in  large  conversion  facilities' 


Route 

Conversion 

Base  case3 
(including 

Base  case, 
(no  feedstock 

Optimistic  case3 
(including 

process2 

feedstock 
at  $30/dry  ton) 

cost' 

feedstock4 
at  $20 /dry  ton) 

-Dollars  per  million  Btu- 



Wood  to: 

Heavy  fuel  oil 

CL 

5.37 

3.47 

4.76 

Methanol 

GOB 

7.77  (0.50/gal) 

6.01  (0.39/gal) 

6.72  (0.44/gal) 

Ammonia  ($/short  ton) 

GOB 

164.00 

126.00 

141.00 

Substitute  natural  gas 

GOB 

6.41 

4.80 

5.56 

Steam 

DC 

3.00 

1.68 

2.73 

Electricity 

DC 

16.38 

11.62 

14.40 

Steam  and  electricity 

DC 

3.42 

2.09 

3.06 

Oil  and  char 

P 

4.50 

1.40 

4.00 

1  Data  from  Schooley  et  al.     (1978). 

2  Key:      CL  =  catalytic  liquefaction 

GOB  =  gasification  — oxygen  blown 
DC  =  direct  combustion 
P  =  pyrolysis 

3  1977  dollars  in  year  1985.  Sales  values  tabulated  will  return  yield  calculated  to  yield  a  15-percent  dis- 
counted cash  flow  rate  of  return  on  equity  and  a  9-percent  rate  of  return  on  debt. 

4  Capital  cost  =  80  percent  of  base  case. 
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Table  8-4.  —Estimated  selling  prices  for  chemicals  from  single-product  and  multiproduct  hardwood 
plant1 


1975 

Type  of  plant 

Product  output 

Plant  size 

Selling  price2 

market 
price 

Dry  tons/day 

Single-product  plant 

Methanol 

50  x  106  gal/yr 

1,500 

S0.98/gal 

$0.38/gal 

Ethanol 

25  x  10"  gal/yr 

1,480 

$1.90/gal 

$1.04/gal 

Furfural 

40  x  106lb/yr 

760 

$0.61/lb 

$0.37/Ib 

Multiproduct  plant1 

Ethanol 

25  x  106  gal/yr 

1.500 

$1.28/gal 

$1.04/gal 

1  Data  from  J.  F.  Saeman.  Energy  and  materials  from  the  forest  biomass.  20  p.  Paper  presented  at  Insti- 
tute of  Gas  Technology  Symp.  on  Clean  Fuels  from  Biomass  and  Wastes.  (Orlando,  Fla.,  Jan.  25-28, 
1977). 

2  Selling  price  based  on  an  annual  depreciation  of  investment  of  8  percent  and  profit  of  15  percent  (after 
Federal  taxes). 

'  Selling  price  assumes  a  credit  for  furfural  and  phenol  at  65  percent  of  market  selling  price. 


bark.  For  better  chemical  utilization  of  wood,  re- 
search should  focus  on  making  the  ligno-cellulosic 
complex  accessible  to  chemical  and  biological  ac- 
tion, increased  use  of  cellulose  and  lignin  as  poly- 
mers, producing  specialized  chemicals,  and  catalyst 
research  and  development. 
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INTRODUCTION 

The  Southern  States  produce  45  percent  of  the 
total  roundwood  harvested  in  the  United  States. 
This  percentage  is  expected  to  grow  to  50  percent 
by  the  year  2000.  During  the  same  period,  4 
million  acres  of  commercial  forest  lands  will  be 
lost  to  other  uses.  So,  much  further  production 
will  have  to  come  from  poor  or  fragile  sites  and 
from  small  tracts,  sites  that  cannot  now  be 
productively  managed  unless  alternative 
harvesting  systems  are  developed.  The  possible 
interrelationships  among  production,  cost,  and 
energy  usage  for  both  present  and  future 
harvesting  systems  need  to  be  evaluated. 
jComputer  simulation  is  one  possible  evaluation 
istrategy.  A  systems  simulation  model  for  the 
southern  harvesting  operations  would  assist  in 
this  analysis. 

As  a  first  step  in  using  simulation  for  analysis 
of  southern  harvesting  systems,  we  conducted  a 
literature  survey  to  identify  existing  models,  to 
determine  their  stage  of  development,  and  to 
evaluate  their  capability  for  modeling  southern 
operations. 

We  found  that  many  timber  harvesting 
simulation  models  have  been  developed  in 
North  America  in  the  last  10  to  15  years.  Some  of 
the  models  are  complete  systems  models  (2,  3,  6, 
3,  10,  11,13,  16,  18,  21,  23,  25,  26).  Others  model 
particular  phases  of  the  harvesting  operation  (1 , 
1,  7, 12,  20,  24).  Some  models  are  fully  developed 


(6, 9, 11, 13, 16, 18,  23,  25),  while  others  are  being 
refined  (3,  22).  Though  most  models  have  been 
developed  for  conditions  outside  the  South,  we 
found  nine  systems-simulation  models  that 
showed  potential  for  modeling  southern 
harvesting  operations,  and  they  are  reviewed 
here.  Many  other  models  that  focus  on  machine 
or  other  related  simulation  were  also  found. 
These  models  are  documented  in  the  appendix. 

SYSTEMS  MODELS 

Auburn  Pulpwood  Harvesting  System 
Simulator 

The  Auburn  Pulpwood  Harvesting  System 
Simulator  ( APHSS)  is  a  FORTRAN-based,  time- 
oriented  simulation  of  southeastern  pulpwood 
harvesting  systems.  The  model  was  developed 
by  William  H.  Bussell,  James  N.  Hool,  Alfred  M. 
Leppert,  and  Grady  Harmon,  all  of  Auburn 
University,  Auburn,  Alabama.  The  model,  as 
expanded  and  refined  by  Robert  Osborn,  is 
available  through  Hool.  Both  development  and 
refinement  were  sponsored  by  the  Southern 
Executives  Association. 

Bussell  et  al.  (8)  document  the  design 
parameter  of  APHSS  and  divide  the  harvesting 
operation  into  a  production  phase  and  a 
transportation  phase.  Only  the  production 
phase,  which  consists  of  felling,  limbing  and 
topping,    skidding,    bucking,    bunching,    and 
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loading,  is  simulated.  Interactions  between 
operations  are  modeled  with  the  use  of  buffer 
inventories.  Average  cycle  times  on  each  opera- 
tion are  used,  making  the  model  deterministic.  A 
uniform  time  increment  advances  the  simulated 
clock,  with  simulation  variables  updated  at 
each  time  increment.  Three  reports  are 
generated:  end  of  hour,  end  of  day,  and  end  of 
week,  the  latter  two  involving  a  cost-per-log- 
produced  statement  as  well  as  production. 

Bussell  et  al.  (9)  document  the  usefulness  of 
APHSS  by  placing  observed  average  operating 
times  into  the  model  and  adjusting  the  system 
configuration  for  maximum  wood  production. 
One  system  is  extensively  studied  and  reported. 

Osborn  (23)  modified  APHSS  to  simulate  a 
variety  of  pulpwood  harvesting  systems  and 
added  a  transportation  phase  to  the  model  (fig. 
1).  Critical  assumptions  and  restrictions  are  as 
follows: 

1.  An  unlimited  number  of  trees  are 
available  for  felling. 

2.  All  trees  are  the  same  size. 

3.  All  systems  components  of  the  same  type 
create  a  common  inventory. 

4.  Each  component  is  confined  to  a  par- 
ticular function. 

5.  Each  component  in  a  system  operates 
independently. 

6.  All  system  irregularities  are  reflected  in 
cycle  times. 

7.  All  configurations  are  limited  to  a  max- 
imum of  six  components  (excluding 
transportation). 

8.  All  component  cycle  times  must  be  evenly 
divisible  by  the  specified  uniform  time 
increment. 

Three  example  systems  are  simulated. 
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Figure  1.— Configurations  of  the  Osborn  Modified 
APHSS  model. 


Forest  Harvesting  Simulation  Model 

The  Forest  Harvesting  Simulation  Model 
(FHSM)  is  a  general,  event-oriented  timber  and 
pulpwood  harvesting  simulator  developed  by 
Dennis  B.  Webster  and  expanded  and  refined  by 
John  R.  Killham,  both  of  Auburn  University. 
The  model  is  modular  in  that  functional 
elements,  felling,  limbing, etc.,  act  as  building 
blocks  and  can  be  arranged  in  various  com- 
binations. Consequently,  the  model  can  be 
tailored  to  the  specific  harvesting  operations. 
The  model,  available  through  Webster,  is 
written  in  FORTRAN  and  uses  GASP  II  for  its 
executive  control. 

Webster  (26)  details  the  following  design 
parameters  for  simulating  the  major  types  of 
saw-log  and  pulpwood-harvesting  operations  in 
the  South. 

a.  The  simulator  should  be  flexible  enough  to 
duplicate  the  major  harvesting  operations 
used  in  timber-harvesting  systems  in  the 
South. 

b.  The  model  should  be  detailed  enough  to 
allow  for  possible  analyses  of  individual 
harvesting  operations. 

c.  The  model  should  possess  a  high  degree  of 
believability  in  the  way  it  duplicates  a 
system's  operation. 

To  satisfy  the  first  design  parameter,  FHSM 
simulates  the  functional  elements  of  various 
harvesting  operations,  such  as  felling,  limbing, 
etc.  The  model  for  a  particular  system,  a 
configuration  in  Webster's  terms,  can  be 
assembled  by  collecting  the  functional  elements 
that  constitute  the  operation. 

To  satisfy  the  second  design  parameter,  each 
functional  element  allows  different  pieces  of 
equipment  to  perform  the  same  task  while 
differentiating  each  piece's  characteristics  and 
capabilities.  For  example,  two  different  skidders 
in  the  skidding  phase  could  be  used. 

To  satisfy  the  third  design  parameter,  wood 
flow  in  the  model  matches  the  actual  wood  flow 
in  a  harvesting  operation.  A  tree  or  its  parts  are 
maintained  as  identifiable  units  from  selection 
for  felling  until  deposition  at  the  mill.  We  call 
this  wood  flow  property  "continuous  across 
processes."  Webster  uses  two  configurations  as 
pilot  demonstrations  of  the  model's  capabilities. 

Killham  (16)  expanded  Webster's  basic  design 
and  pilot  system  into  a  working  model.  He 
considers  ten  timber  harvesting  configurations, 
six  for  sawtimber  and  four  for  pulpwood.  Each 


configuration  in  FHSM  is  a  combination  of 
some  of  all  eight  basic  harvesting  processes — 
elling,  limbing,  bucking  at  the  stump,  skidding, 
nicking  at  the  landing,  loading,  hauling,  and 
mloading,  and  is  identified  in  figure  2. 
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Figure  2.— Configuration  of  FHSM. 

The  configuration  acts  both  as  an  operations 
design  or  tailoring  parameter,  and  as  a 
simulation's  run-time  control  parameter,  which 
identifies  the  subroutines  in  the  computer 
program  to  be  used.  Hence,  both  the  design  and 
the  execution  of  the  model  are  modular,  that  is, 
anly  those  building  blocks  that  identify  the 
configuration  are  used.  The  working  model 
allows  for  a  unique  description  of  the  operating 
characteristics  for  each  man  and  machine  unit 
involved  in  harvesting  operation.  These 
characteristics  are  averages  or  empirical  dis- 
tributions collected  from  time  and  motion 
studies,  so  there  is  complete  flexibility  in 
determining  the  harvesting  elements  within  the 
model.  For  example,  fellers  with  chain  saws  and 
mechanical  shears  can  be  operating  together. 
jDperating  statistics  in  terms  of  production  units 
ind  time  are  collected  on  each  man  and  machine 
jinit  modeled.  The  specification  of  individual 
nan  and  machine  units  and  the  collection  of 
operating  statistics  on  these  same  units  permit  a 
detailed  analysis  of  individual  harvesting 
Operations. 

.  The  forest  data  and  the  continuous  wood  flow 
,tive  the  model  a  high  degree  of  believability. 
[Tie  forest  data  are  generated  from  a  standard 
imber  cruise,  and  consist  of  total  number  of 
rees  to  be  harvested,  average  spacing  between 
irees,  percentage  of  total  that  is  pine,  diameter 
lass  distributions,  merchantable  height  dis- 
ributions,  and  defect  distributions  for  saw- 
imber  logs.  Continuous  wood  flow  maintains 
hat  the  output  in  terms  of  pieces  (trees  or  parts) 


from  one  process  (e.g.  felling)  is  the  input  for  the 
next  process  (e.g.  limbing). 

The  output  reports  are  in  terms  of  production 
units,  (e.g.  number  of  trees  felled,  total  board  feet 
delivered  to  the  mill)  and  processing  times.  The 
model  contains  no  economic  analysis. 

Full-Tree     Chipping     and     Transport 
Simulator 

The  -Full-Tree  Chipping  and  Transport 
Simulator  (FTFC)  is  a  package  of  two  GPSS/360 
simulation  models,  one  for  chipping  and  one  for 
transport,  designed  to  simulate  in-woods  full- 
tree  chipping.  The  models  were  developed  by 
Dennis  P.  Bradley,  Frank  E.  Biltonen,  and 
Sharon  A.  Winsauer,  of  the  USDA  Forest 
Service  North  Central  Forest  Experiment  Sta- 
tion, St.  Paul,  Minnesota,  and  are  available 
from  the  Station. 

Bradley  et  al.  (6)  describe  a  simulation  that 
both  models  the  activities  of  feller-bunchers, 
skidders,  a  chipper,  trucks  and  vans  in  the  field, 
and  models  dumping  and  scaling  at  the  mill. 
The  stand  to  be  harvested  must  be  provided  by 
the  user  in  the  form  of  (x,y)  coordinate  location 
of  trees,  volume  of  each  tree  in  the  stand,  and 
felling  order  for  the  feller-buncher.  The  model 
keeps  individual  tree  identity  until  the  tree  is 
chipped  and  blown  into  the  van.  Machine 
interactions  have  been  carefully  considered  so 
that  one  skidder  can  "see"  another  in  the  woods 
and  will  not  interfere  with  it.  Start-up  and  shut- 
down conditions  for  each  day  can  be  specified. 

Three  trucking  situations  are  modeled  in  the 
transport  segment: 

Situation  1. 

a.  There  are  no  terrain  and  road 
problems;  highway  tractors  with 
vans  can  drive  directly  to  the 
chipper  without  assistance. 

b.  Setout  trucks  for  handling  empty 
and  full  vans  are  not  required, 
because  either 

(1)  there  are  no  extra  vans,  or 

(2)  there  are  extra  vans  but  the 
number  of  slots  at  the  chipper 
equals  or  exceeds  the  total 
number  of  vans. 

Situation  2. 

a.  There  are  still  no  terrain  or  road 
problems;  highway  tractors  can  get 


to  the  chipper  without  assistance, 
but 
b.  One  or  more  setout  trucks  are 
required  some  of  the  time  because 
both  of  the  following  conditions  are 
true: 

(1)  there  are  extra  vans  and 

(2)  the  number  of  slots  at  the 
chipper  is  less  than  the  total 
number  of  vans. 

Situation  3. 

a.  Terrain  and/or  road  problems 
prohibit  the  highway  trucks  from 
bringing  empty  vans  to  the  chipper. 
They  must  drop  empties  and  pickup 
full  vans  a  considerable  distance 
away. 

b.  One  or  more  setout  trucks  must 
therefore  do  all  the  work  of  moving 
empty  and  full  vans  to  and  from  the 
chipper.  Setout  trucks  in  this' situa- 
tion are  probably  specially 
modified  dozers  or  skidders  with  a 
fifth  wheel. 

The  model's  report  generator  provides 
detailed  production  and  cost  statistics  by 
operation,  system  energy  consumption,  and  net 
energy  produced,  the  latter  two  in  the  form  of 
BTU's. 

Bradley  and  Winsauer  (7)  focus  on  the  last 
stage  of  a  harvesting  operation,  chipping  and 
hauling  to  the  mill.  Their  model  attempts  to 
determine  the  optimal  combination  of  men, 
trucks,  vans,  and  operating  rules  for  the 
observed  chipping  rate.  Their  model  has  five 
segments:  1)  chipper,  2)  trucks  and  vans, 
3)  setout  trucks,  4)  a  mill  yard,  and  5)  records. 
Wood  is  assumed  to  be  presented  to  the  chipper 
by  a  "black  box"  operation  that  allows  the 
chipper  to  fill  vans  at  a  variable  rate.  The 
model's  report  generator  produces  a  statement 
of  the  system  characteristics  and  production, 
and  cost  statistics.  Two  examples,  one  a  case 
study  and  one  a  hypothetical  case,  are 
presented. 

The  Georgia  Tech  Model 

The  Georgia  Tech  model  is  the  first  result  of  a 
research  grant  awarded  in  1967  by  the  Southern 
Executives  Association  to  Georgia  Institute  of 
Technology  to  study  the  systems  aspects  for 


pulpwood  harvesting  and  transportation.  The 
research  requirements  were  to  structure  a 
systems  model  that  validly  represents  the 
significant  characteristics  of  and  constraints  on 
present  systems,  and  on  systems  that  may 
appear  up  to  the  year  2000.  The  GPSS  model, 
developed  by  Stark  (25),  is  one  of  the  earliest 
attempts  at  simulating  the  forest  harvesting 
system.  Strong  emphasis  in  his  work  was  placed 
on  production  of  5'3"  pulpwood  in  the  South. 
Twenty-eight  different  harvesting  con- 
figurations, which  represent  the  small 
pulpwood  producer's  operations,  are  modeled 
(figs.  3,  4). 
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Figure  3.— A  flow  diagram  of  basic  6'3"  pulpwood 
harvesting  operations. 

The  Harvesting  System  Simulator 

The  Harvesting  System  Simulator  (HSS)  is  a 
FORTRAN-based  simulation  program  designed 
to  simulate  the  productive  and  nonproductive 
activities  (down  time,  breaks,  etc.)  of  a 
harvesting  system.  The  model  was  developed  by 
the  American  Pulpwood  Association  during  the 
late  1960's  and  early  1970's  under  their 
Harvesting   Research   Project.   In   1974  APA 
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igure  4.—  Possible  combinations  of  harvesting 
operations  in  the  Georgia  Tech  model. 


•eleased  HSS  to  Virginia  Polytechnic  Institute 
md  State  University,  Blacksburg,  Virginia, 
where  it  remains. 

The  American  Pulpwood  Association's  User 
juide  (2),  though  somewhat  out-of-date  relative 
;o  format  and  input  characteristics,  provided  a 
?ood  description  of  the  workings  of  HSS  from 
;he  user's  point  of  view.1  It  details  the  kinds  of 
nputs  necessary,  defines  these,  and  states  their 
nterrelationships.  The  three  parts  of  the 
urogram  package  (the  simulator,  the  two  report 
generating  programs-production  and 
jperations  report,  and  the  cost  analysis  report) 
ire  explained. 


t  new  User  Guide  is  nearing  completion  under  the  direction 
>f  W.B.  Stuart,  VPI  &  SU,  Blackburg,  Va. 


O'Hearn  (21)  describes  the  current  status  of 
HSS.  A  maximum  of  14  machines,  working  in 
any  combination,  and  a  maximum  of  six 
aggregations  of  like  machines  (phase)  can  be 
simulated.  The  harvested  tract  can  be  divided 
into  a  maximum  of  14  harvesting  areas  that  can 
differ  in  stand  type,  volume  per  acre,  species 
composition,  and  skidding  distance  to  the 
primary  landing.  Individual  harvesting  areas 
have  no  acreage  or  volume  limits.  Unique 
production  rates  may  be  specified  for  each 
harvesting  area-machine  combination.  The 
user  controls  the  order  in  which  harvesting 
areas  are  processed.  Terrain  and  stand 
limitations  are  modeled  through  move  or  travel 
rate  modifiers  and  deck  locations.  Wood  flows 
from  phase  to  phase  in  aggregated  volumes. 

Nonproductive  activities,  such  as  machine 
failures,  breakdowns,  delays,  and  servicing,  can 
be  imposed  logically  or  stochastically.  Repairs 
can  be  made  at  the  stump,  the  deck,  or  the  shop. 
Repairs  at  the  stump  hold  the  machine  in  place, 
while  repairs  at  the  deck  or  shop  require  the 
machine  to  move  to  the  primary  deck.  Delays 
are  divided  into  two  types  major  and  minor. 
Major  delays  bring  the  machine  back  to  the 
deck,  while  minor  delays  leave  it  in  place.  A 
distribution  between  productive  and 
nonproductive  time  can  be  provided. 

Program  output  is  provided  by  two  report 
generators  that  can  be  called  on  separately  or 
jointly.  They  provide  time,  production,  cost,  and 
revenue  statistics.  Also,  discounted  cash  flow 
and  return  on  investment  analysis  can  be  made. 
All  output  reports  are  detailed  and  complete. 

A  Method  for  Analyzing  Environmental 
Effects  of  Impacting  Activities. 

A  Method  for  Analyzing  Environmental 
Effects  of  Impacting  Activities,  a 
FORTRAN/GASP  IV  model,  simulates,  in  two 
phases,  the  effect  of  an  impacting  activity  on  the 
ecosystem  (11).  Phase  one,  the  impacting 
activity,  is  modeled  in  the  microphase  and  can 
be  used  by  itself  for  detailed  study  of  the 
activity.  The  three  impacting  activities  modeled 
are  timber  harvesting,  road  building,  and  fire. 
For  timber  harvesting,  SAPLOS2  is  used.  Phase 
two,     the     ecosystem,     is     modeled     in     the 


2SAPLOS  is  documented  later  in  the  report  as  a  separate 
model  and  will  not  be  repeated  here. 


macrophase  and  simulates  the  dynamic 
response  of  the  ecosystem  to  the  impacting 
activity.  The  six  subsystems  that  model  the 
ecosystem  are  area,  moisture-water,  timber, 
forage,  wildlife,  and  erosion.  The  model  was 
developed  by  Louis  T.  Egging  at  Montana  State 
University,  Bozeman,  Montana,  and  is 
available  from  him. 

Residues  for  Power 

Residues  for  Power  (REPO),  a  SIMCOMP3 
model,  evaluates  systems  for  handling  logging 
residues  for  fuel.  The  model  was  developed  by  B. 
Bruce  Bare,  Benjamin  A.  Jayne,  and  Brian  F. 
Anholt,  at  the  USDA  Pacific  Northwest  Forest 
and  Range  Experiment  Station,  Portland, 
Oregon,  and  is  available  from  the  Station. 

Bare  et  al.  (3)  report  the  basic  objective  is  to 
simulate  the  transfer  of  harvesting  residues,  in 
the  form  of  chips,  to  a  hypothetical  power  plant. 
Various  combinations  of  skidding,  loading, 
transporting,  unloading,  sorting,  and  chipping 
are  examined  (the  exact  combinations  are  not 
documented).  Rate  functions,  for  example 
volume  per  unit  time,  govern  the  materials  flow 
from  operation  to  operation.  Stores  of  materials 
between  operations  model  the  materials  in 
process  and  the  influence  of  one  operation  upon 
another. 

REPO  is  a  fixed  time  increment  model  with  a 
9-hour  workday  as  the  unit  of  measure.  Track- 
ing of  activities  within  one  workday  is  not 
possible,  nor  can  the  model  account  for  machine 
interactions  within  this  time  period.  However, 
the  serial  nature  of  the  operations  will  not  allow 
following  operations  to  be  simulated  until  all 
preceding  operations  have  been  completed. 

Though  developed  as  a  residue  handling 
model,  REPO  is  actually  a  more  general 
materials  handling  model  that  can  be  used  to 
simulate  a  timber  harvesting  and  transporta- 
tion system. 


3The  SIMCOMP  programming  language  is  a  machine- 
dependent  simulation  language  written  at  Colorado  State 
University  for  the  CDC  6400  computer.  The  language  is 
designed  for  compartment-oriented  simulation  models. 
Programming  in  SIMCOMP  requires  an  understanding  of 
the  FORTRAN  IV  language,  since  the  SIMCOMP  compiler 
creates  a  FORTRAN  program  which  is  compiled  by  the 
CDC  Extended  FORTRAN  compiler. 


Simulation  Applied  to  Logging  Systems 

Simulation  Applied  to  Logging  Systems 
(SAPLOS)  is  a  general  logging  simulation 
model  adaptable  to  a  variety  of  logging  con- 
figurations. Begun  in  1971  in  a  FORTRAN  and 
GASP  II  version,  it  has  been  changed  to  a 
FORTRAN  model  with  GASP  IV  providing 
executive  control  of  the  simulation.  The  model 
was  developed  by  Leonard  R.  Johnson,  Donald 
L.  Gochenour,  Jr.,  and  Cleveland  J.  Biller  at  the 
USDA  Forest  Service  Northeastern  Forest 
Experiment  Station,  Morgantown,  West 
Virginia,  and  is  available  from  the  Station. 

Johnson's  model  (12),  a  precursor  of  SAPLOS, 
is  a  FORTRAN  and  GASP  II  simulation  of  the 
materials  handling  problem  involved  in  the 
loading  and  hauling  phases  of  a  timber 
harvesting  operation.  Johnson's  objective  is  to 
produce  a  cost  estimate,  in  terms  of  equivalent 
annual  costs,  by  which  different  loading  and 
hauling  systems  can  be  compared.  The  material 
handling  operations  are  simulated,  and  produc- 
tion statistics  are  gathered.  From  these,  and 
machine  operating  cost  data,  an  equivalent 
annual  cost  is  computed.  Both  the  production 
statistics  and  equivalent  annual  costs  are 
documented  in  the  report  generator. 

Johnson  et  al.  (15)  document  the  first  work  on 
SAPLOS  and  identify  the  model's  design 
parameters.  SAPLOS'  development  progressed 
through  three  phases  of  work:  1)  identifying 
and  classifying  the  prevelant  logging  system 
configurations  in  Appalachia  and  their  interac- 
tion points,  2)  within  a  subsystems  general 
operation,  determining  the  sequence  of  ac- 
tivities defining  the  operation,  3)  combining 
activities  of  the  subsystems  into  events  in  the 
computer  model.  In  the  first  phase,  Johnson  et 
al.  found  that  Appalachian  logging  systems 
predominately  involve  felling,  skidding, 
loading,  and  hauling;  some  systems  may 
include  bucking  and  pre-bunching.  These  six 
subsystems  represent  the  standard  operations 
for  SAPLOS.  Felling  and  bucking  are  the 
production  functions  of  the  logging  systems, 
while  skidding,  loading,  hauling  and 
prebunching  are  considered  material-handling 
operations.  When  the  events  of  two  logging 
operations  overlap,  a  point  of  possible  in- 
terference occurs.  These  points  are  considered 
"critical  locations"  on  the  ground  and  form 
control  points  in  the  model,  signaling  the 
beginning  and  ending  of  model  activities.  The 


tiodel  is  written  in  FORTRAN  with  GASP  II 
providing  control  of  the  simulation. 

Biller  et  al.  (5)  use  SAPLOS  to  compare  three 
lifferent  systems  logging  the  same  site  under 
dentical  stand  conditions.  The  systems  are: 

1.  A  ground  system  with  a  crew  of  three.  The 
operation  is  comprised  of  a  feller  who  uses 
a  chain  saw  and  doubles  as  a  choker 
setter;  a  wheeled  skidder  operator;  and  an 
operator  of  a  self-loading,  trailer  truck. 

2.  A  ground  system  with  a  crew  of  seven. 
One  man  fells  with  a  chain  saw.  For 
skidding  there  are  two  skidder  operators 
and  two  choker  setters.  Two  self-loading 
trucks  are  used  for  hauling. 

3.  A  skyline  system  with  a  crew  of  eight.  The 
skyline  yarder  operator  and  a  rigging  boss 
perform  the  skidding  operation  along 
with  two  choker  setters  and  a  chaser.  The 
other  three  men,  a  sawyer  and  two  truck 
drivers,  perform  as  in  the  second  system. 

Johnson  and  Biller  (14)  add  the  in- woods,  full- 
Tee  chipping  operation  to  SAPLOS.  Three 
situations  for  an  in-woods,  full-tree  chipping 
)peration  are  presented.  Each  is  then  balanced, 
vith  time  and  cost  per  cubic  foot  of  chips 
produced  as  the  balancing  criteria.  The  objec- 
ive  of  this  demonstration  is  to  show  how 
simulation  can  be  used  as  a  tool  for  the  manager 
n  setting  up  in-woods,  chipping  operations. 

Johnson  (13)  presents  SAPLOS'  final  version, 
vhich  follows  the  design  parameters  specified 
n  (15).  In  the  design  five  critical  locations  are 
dentified  where  logging  operations  can  interact 
and  are  modeled  as  the  key  division  points.  The 
activities  necessary  to  deliver  logs  to  these 
points  are  modeled  by  identifying  equipment 
and  end  of  service  events  at  each  location.  The 
•esulting  model  can  simulate  logging  systems 
varying  from  small  pulpwood  crews  to  west 
:oast  skyline  operations  to  in-woods  chipping 
systems. 

Specifically,  the  different  configurations  of 
ogging  operations  possible  can  be  summarized 
jy  listing  the  activities  modeled  at  each  critical 
location,  and  putting  them  together  in  various 
ombinations.  The  activities  are: 

(1)  Felling:       Manual  tree  length 

Manual  with  bucking  in  the 

woods 
Mechanical  (shears) 

(2)  Bucking:    In  woods  by  feller 


At  landing 

Haul  tree  length  (no  bucking) 

(3)  Skidding:  Prebunching  logs  to  skid  road 

Ground  skid  from  woods  or 

road  to  landing 
Cable  yarding 

(4)  Loading:    Separate  loading  unit 

Loader  mounted  on  hauling 

unit 
Whole  tree  chipping 

(5)  Hauling:     Straight  haul  to  mill 

Prehaul  to  docking  area 

To  run  the  model,  the  user  must  write  two 
system  specific  subroutines,  TRESZ  (tree  size) 
and  DISTM  (distance  and  time).  TRESZ  is  used 
to  find  or  generate  tree  volumes,  diameters,  and 
lengths.  The  tree  parameters  are  generated  by: 
1)  determining  a  butt  diameter,  2)  based  on  the 
butt  diameter,  producing  a  merchantable  tree 
height,  and  3)  then  calculating  the  tree  volume 
as  a  function  of  butt  diameter  and  height.  The 
resulting  parameters  should  depict  the  stand  to 
be  harvested.  TRESZ  is  called  and  a  tree  is 
produced  as  needed. 

Any  time  a  distance  or  a  production  time  is 
needed,  DISTM  is  called  and  the  necessary  item 
is  generated.  The  distance  and  time  generators 
reflect  the  stand  and  operating  conditions  of  the 
logging  operations  being  simulated. 

The  report  generator  gives  detailed  produc- 
tion and  cost  statements  by  activities  and  for 
the  process  as  a  whole. 

Timber     Harvesting     and     Transport 
Simulator. 

The  FORTRAN-based  Timber  Harvesting 
and  Transport  Simulator  (THATS)  simulates 
the  standard  harvesting  configuration  of 
felling-limbing-topping,  bunching,  skidding, 
bucking,  loading,  and  hauling.  THATS  was 
developed  by  A.  Jeff  Martin  at  the  USD  A  Forest 
Service  Laboratories  in  Princeton  and  Morgan- 
town,  West  Virginia,  and  is  available  from 
Martin  upon  request. 

Martin  (17)  examines  the  potential  of  com- 
puter simulation  as  a  tool  for  forest  manage- 
ment work.  He  presents  a  harvesting  operation 
analysis  that  includes  costs,  production, 
balance,    and   a   sensitivity    analysis   on   the 


number  of  elements  (e.g.  fellers)  in  the  produc- 
tion components. 

Martin  (18)  describes  the  structures, 
methodology,  and  main  components  of 
THATS.  THATS  is  built  around  a  main 
program  composed  of  eight  components  (felling, 
bunching,  skidding,  bucking,  loading,  hauling, 
roadbuilding,  and  cost  accounting)  and  a 
"clock."  The  model  is  a  time  oriented  simulation 
in  which  simulated  time  on  the  clock  is  ad- 
vanced one  minute,  then  checks  are  made  for 
active  events. 

Simulated  event  times  are  generated  either 
from  given  averages  and  standard  deviations, 
or  from  event  times  produced  by  a  regression 
equation  developed  from  collected  data.  All 
random  variable  event  times  have  either  a 
normal  or  a  log  normal  distribution.  If  any 
skewing  is  present  in  the  time  study  data,  the  log 
normal  distribution  is  used.  Regression 
equations  from  data  collected  for  Appalachian 
logging  operations  are  contained  in  the  report. 


The  system  simulates  one  day  at  a  time  and 
shuts  down  at  the  end  of  the  working  day  in  a 
staggered  manner,  with  each  crew  finishing  the 
day  close  to  quitting  time,  though  depending  on 
the  task  at  hand,  some  may  be  a  little  early  and 
some  may  be  a  little  late. 

Wood  flows  through  the  model  in  a  volumetric 
manner.  The  input  to  an  operation  is  a  tree  or  a 
piece  of  a  tree,  and  the  output  from  the  operation 
is  a  volume.  The  next  operation  draws  trees  or 
pieces  from  the  deposited  output  volume,  but 
these  new  trees  or  pieces  have  no  relation  to  the 
input  trees  of  the  first  operation  except  that  their 
total  volume  equals  the  deposited  output 
volume.  For  example,  a  tree  is  generated  for  the 
felling  operation,  felling  statistics  are  collected 
on  that  tree,  and  the  volume  of  that  tree  is 
deposited  for  the  bunching  operation.  The 
bunching  operation  will  now  generate  new  trees 
up  to  the  volume  of  the  felled  trees  deposited. 

A  User's  Guide  for  THATS,  Martin  (19), 
contains  a  detailed  description  of  each  input 
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Figure  5.— Comparison  of  system  simulation  models. 


leeded  to  run  THATS,  a  random  number 
generating  routine,  a  list  of  all  variables  used, 
ind  a  source  listing  of  the  complete  THATS 
ode. 

COMPARISON  OF  SYSTEMS  MODELS 

The  nine  models  examined  are  compared  and 
ontrasted  in  figure  5.  The  first  result  evident 
rom  examining  figure  5  is  that  no  consensus 
xists  on  what  constitutes  the  essential 
lements  of  a  forest  harvesting  model.  Forest 
lata,  for  example,  run  the  complete  gamut  from 
.11  trees  being  of  a  single  volume  and  merchan- 
able  height  (APHSS)  to  trees  located  by  (x,y) 
oordinates,  and  given  a  d.b.h.,  merchantable 
leight,  and  volume  (SAPLOS).  Some  models 
ddress  a  single  harvesting  system  (pulpwood 
i  the  Georgia  Tech  Model),  and  others  have  a 
Multiplicity  of  systems  (SAPLOS,  HSS,  FHSM). 

The  second  item  of  major  importance  reflected 
i  figure  5  is  that  there  is  great  variety  in  the 


detail  simulated  in  the  models.  This  variety 
reflects  the  point  of  view  of  the  modeler  and 
must  be  given  careful  consideration  when 
selecting  a  model  for  use.  Timber  flow,  for 
example,  occurs  in  essentially  two  ways:  (1)  a 
tree  is  harvested,  its  volume  determined  and 
deposited  in  an  inprocess  volume  pool,  and  the 
identity  of  the  tree  is  lost,  (HSS,  Egging's 
SAPLOS,  THATS);  (2)  tree  parts  maintain  their 
identity  and  characteristics  from  stump  to  mill 
(FHSM, 'Georgia  Tech,  FTFC). 

Lastly,  input  requirements  and  output  infor- 
mation can  only  be  given  in  gross  terms.  For 
example,  although  all  models  use  "operating 
time"  as  an  input,  precisely  what  kind  of 
operating  time  (average,  distribution,  regres- 
sion equation)  is  not  identified.  A  similar 
statement  could  be  made  for  the  output 
parameter  "production  amounts."  Consequent- 
ly, each  model  needs  to  be  examined  for  its 
input/output  characteristics. 
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Figure  5.— Comparison  of  system  simulation  models— Continued. 


SELECTION      OF      PRIMARY 
MODELS  FOR  FURTHER  STUDY 

After  examining  the  literature  and  comparing 
the  properties  of  each  model,  we  removed 
APHSS,  the  Georgia  Tech  Model,  Egging's 
model,  and  REPO  from  further  consideration. 
APHSS  is  a  deterministic  model  that  uses  only 
averages  for  operational  parameters,  and  hence 
cannot  model  the  stochastic  nature  of  the 
harvesting  operation.  The  Georgia  Tech  Model, 
though  the  first  step  in  a  complete  systems 
analysis,  is  outdated  and  needs  to  be 
redeveloped  for  today's  systems.  Egging's 
model,  though  it  contains  some  interesting 
environmental  modeling,  uses  SAPLOS  for  the 
timber  harvesting  portion,  so  the  portion  of 
interest  in  this  search  is  contained  in  SAPLOS 
and  can  be  studied  there.  REPO  is  claimed  to  be 
a  general  materials  handling  model  built 
around  the  idea  of  simulating  the  residue 
handling  process,  but  converting  the  model  into 
a  harvesting  systems  model  would  require  much 
additional  work.  Also,  the  model  is  written  in  a 


machine  dependent  computer  language  that 
makes  using  it  on  other  computers  difficult. 

The  remaining  five  models  have  the  best 
potential  for  modeling  most  of  the  southern 
operations  with  provisions  for  expansion  to 
additional  configurations  not  included  now.  No 
model,  either  completed  or  planned,  contains  all 
southern  forest  harvesting  operations.  The 
potentials  of  these  five  models  are: 

1.  FHSM  is  specifically  designed  to  model 
the  southern  operations.  Though  in- 
complete, the  model  has  the  basic  struc- 
ture for  an  accurate  and  realistic  descrip- 
tion of  the  harvesting  operations.  The 
modularity  of  design  makes  additions  and 
modifications  to  the  model  relatively 
straightforward. 

2.  FTFC  represents  the  only  complete 
analysis  of  in-woods,  full-tree  chipping. 
HSS  and  SAPLOS  each  contain  a  chip- 
ping configuration,  but  neither  is  as 
detailed  as  Bradley's  model. 

3.  HSS  is  the  most  detailed  of  all  the  models 
examined.     Most     of     the     southern 
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harvesting  operations  have  been  con- 
sidered. The  interaction  of  events  has 
been  modeled  carefully.  Production, 
delay,  and  cost  reports  permit  analysis  of 
the  harvesting  operation  from  many 
different  points  of  view. 

4.  SAPLOS  is  a  generalized  harvesting 
simulation  model  adaptable  to  a  variety  of 
logging  situations.  The  model  contains 
most  southern  harvesting  operations. 

5.  THATS,  though  limited  to  a  single 
harvesting  configuration,  is  a  complete 
analysis  of  that  configuration  for  the 
Appalachian  region.  Also,  the  model 
contains  a  roadbuilding  operation  not 
found  in  the  other  primary  models. 

Published  literature  does  not  contain  suf- 
cient  information  to  assess  each  model  fully. 
le  have  initiated  a  follow  up  study  to  provide  an 
1  depth  analysis  of  each  model's  strengths, 
weaknesses,  computer  codes,  input  data  re- 
uirements,  output  data  information,  and 
apabilities  for  modeling  the  southern 
perations. 
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APPENDIX 


ASSOCIATED  HARVESTING  SIMULATION  LITERATURE 


Almquist,  Anders. 

1968.  A  simulation  model  for  feller- 
bunchers,  Ekonomi  7  Forskningsstiftelsen 
Skogsarbeten  (Logging  Research  Founda- 
tion), Stockholm,  Sweden,  4  p. 

The  feller-buncher  model — which  con- 
sists of  two  parts,  a  stand  model  and  a 
machine  model — is  Newnham's  (1967a) 
model  modified  for  Swedish  conditions. 
The  machine  is  made  to  operate  in  the 
stand  generated  by  the  stand  model.  The 


manner  in  which  the  feller-buncher 
proceeds  through  the  stand  is  governed 
by  a  set  of  decision  rules  that  make  it 
independent  of  the  modeler.  The  model 
tests  machine  characteristics  and 
harvesting  strategy,  but  cannot  take 
different  terrain  features  into  considera- 
tion. 

Bertils,  Bertel  Randolph. 
1969.    A  GPSS  II  model  to  evaluate  terrain 
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capabilities  of  typical  pulpwood  harvesting 
vehicles,  M.S.  Thesis,  Ga.  Inst,  of  Tech., 
Atlanta.  95  p. 

This  thesis  proposes  to  pulpwood 
producers  a  means  to  evaluate,  before 
purchase,  how  well  typical  pulpwood 
harvesting  transport  vehicles  perform  in 
various  terrain  conditions.  The  model 
uses  the  physical  and  operational 
characteristics  of  the  vehicle  as  input 
parameters  and  "traverses  it"  across  five 
typical  terrain  types  found  in  the  Georgia 
pulpwood  harvesting  areas.  The  vehicle  is 
evaluated  under  four  conditions  in  each 
terrain  type:  (1)  soft  soil  mobility, 
(2)  stability  with  respect  to  slope  and  soil 
microge  metry,  (3)  vegetation  obstacles, 
and  (4)  terrain  obstacles  of,  or  caused  by, 
hydrology. 

Bertils  conducted  two  experiments  to 
give  the  pulpwood  producer  a  measure  of 
the  effectiveness  of  each  machine  in  each 
terrain  type.  The  first  experiment  deter- 
mines with  a  probability,  the  percentage 
of  resource  areas  the  producer  could 
harvest  before  his  vehicle  is  overcome  by 
terrain  obstacles.  The  second  determines 
if  tire  size  causes  differences  in  vehicles 
performance. 

Corcoran,  Thomas  J. 
1971.  Timber  harvesting  system  design  and 
equipment     leveling     through     GPSS/360. 
Trans,  of  ASAE,  14:248-252. 

Corcoran  advocates  GPSS  as  a  tool  for 
rigorous  planning  in  timber  harvesting 
systems.  Models  in  GPSS  can  be  made 
modular  so  that  each  machine  is  a 
miniature  simulation.  He  also  believes 
the  language  is  ideally  suited  for  those 
who  have  the  most  knowledge  of  the 
actual  system  to  be  simulated.  Thus,  the 
model  may  be  created  mostly  by 
professionals  in  subject-matter  fields  that 
relate  to  the  technical  features  of  the 
system  and  not  necessarily  by  specialist 
computer  programmers. 

Newman,  Lawrence  C. 
1975.    Direct    loading    with    the    Koehring 
harvester — a  simulation  model.  For.  Manage. 
Inst.,  Ottawa,  Ontario,  Inf.  Rep.  FMR-X-83. 
3  p. 

The  purpose  of  Newman's  FORTRAN 


simulation  is  to  see  if  a  change  in  the  use 
of  Koehring  harvesters  from  stockpiling 
to  direct  loading  onto  hauling  vehicles 
would  reduce  cost  of  pulpwood  delivered 
to  the  mill. 

Newnham,  R.  M. 

1967a.  A  progress  report  on  the  simulation 
model  for  pulpwood  harvesting  machines. 
For.  Manage.  Res.  and  Serv.  Inst.,  Ottawa, 
Ontario,  Inf.  Rep.  FMR-X-6.  41  p. 

A  simulation  model  for  a  feller-buncher 
passing  through  a  pulpwood  stand  is 
presented.  Stand  and  machine 
characteristics  are  the  input  parameters. 
Outputs  break  down  the  harvesting  time 
into  traveling,  felling  and  bunching, 
unloading  and  non-productive.  The  posi- 
tion of  each  sweep  and  the  number  of  trees 
and  volume  felled  in  each  sweep  are  also 
produced. 

The  model  is  designed  to  help  cut  time 
and  costs  spent  developing  and  testing 
prototype  feller-bunchers.  The  initial 
machines  simulated  are  of  the  Beloittype 
tree  harvester  and  LRA  feller-bunchers. 
Because  these  machine  types  have  a 
swing  boom  with  an  attached  shear,  the 
machine  passes  through  the  stand  in  a 
straight  line. 

Newnham,  R.  M. 
1967b.  A  FORTRAN  programme  to  simulate 
pulpwood  harvesting  machines.  For.  Manage. 
Res.  and  Serv.  Inst.,  Ottawa,  Ontario,  Inf. 
Rep.  FMR-X-7,  August.  32  p. 

This  report  describes  the  FORTRAN 
program  and  its  use  for  the  above  model, 
(Newnham  1967a). 

Newnham,  R.  M. 

1968.  Simulation  of  pulpwood  harvesting 
machines.  Proa:  For.  Eng.  Conf.,  East  Lan- 
sing, Mich.  Sept.  25-27.  p.  71-73. 

The  feller-buncher  model  annotated  in 
Newnham  (1967a)  has  been  expanded  to 
model  fixed  shears  of  the  Suicard  VFB, 
Roanoke,  and  Fleco  types.  These  shears 
are  usually  mounted  on  the  front  of 
wheeled  or  tracked  vehicles.  They  have  no 
boom,  and  each  tree  to  be  felled  must  be 
approached  individually.  As  a  result,  the 
machine  "wanders"  through  the  forest 
instead  of  traveling  in  a  straight  line. 
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A  model  for  mechanized  thinning  is 
also  introduced.  The  model  uses  a  B-105 
Feller-Processor  for  the  thinning  opera- 
tion. This  machine  has  a  swing  boom 
with  attached  shear  that  reaches  out  and 
cuts  each  tree.  The  harvesting  pattern  for 
the  B-105  is  a  modified  version  of  the 
Beloit-LRA  model  in  which  trees  directly 
in  the  path  of  the  harvester  and  to  the  side 
and  rear  are  harvested.  A  new  variable 
"crown  resistance"  has  been  introduced 
into  the  model. 

Newnham,  R.  M.,  and  S.  Sjunnesson. 

1969.  A  FORTRAN  program  to  simulate 
harvesting  machines  for  mechanized  thin- 
ning. For.  Manage.  Res.  Serv.  Inst.,  Ottawa, 
Ontario,  Inf.  Rep.  FMR-X-23.  48  p. 

The  FORTRAN  program  to  simulate 
the  mechanized  thinning  operation  an- 
notated in  Newnham  (1968)  and  its  use 
are  given. 

Newnham,  R.  M. 

1970.  Productivity  of  harvesting  machines 
designed  for  thinning:  estimation  by  simula- 
tion. For.  Manage.  Res.  Serv.  Inst,  Ottawa, 
Ontario,  Inf.  Rep.  FMR-X-25.  29  p. 

With  the  model  annotated  in  Newnham 
(1968),  the  "parameters  describing  the  B- 
105  Feller-Processor  and  its  method  of 
operation,  have  been  tested  over  a  range 
of  values  in  order  to  estimate  the  potential 
productivity  of  the  machine  and  to 
suggest  areas  in  which  its  design  could  be 
improved."  Felling  and  extraction  ac- 
counted for  90  percent  of  the  operation 
time,  and  reductions  in  this  operation  by 
redesign  could  save  as  much  as  36.9 
percent.  The  report  represents  the  attain- 
ment of  one  of  the  author's  objectives 
stated  in  Newnham  (1967a). 

Newnham,  R.  M. 

1971.  CANLOG— The  new  CFS  harvesting 
machine  simulator.  Pulp  Pap.  Mag.  of  Can. 
72(3):107-112. 

CANLOG  is  designed  to  remove 
operational  restrictions  of  Newham's 
previously  designed  harvesting  machine 
simulators.  The  new  model  can  account 
for  an  asymmetrical  sweep  of  the  felling 
boom,  have  cut  trees  swung  to  a  point 
other  than  the  rear  of  the  machine,  have 


the  operator's  cab  or  the  processing  unit 
restrict  the  swing  of  the  boom,  and  have  a 
processing  method  different  from  the  one 
conceived  for  the  thinning  model. 

The  paper  reports  on  the  test  of  six  types 
of  harvesting  machines  in  four  test 
stands.  The  machines  range  from  a  full 
tree  feller-buncher  to  a  shortwood  thin- 
ning feller-delimber-buncher.  The  stands 
are  three  natural  stands  of  1,436;  2,063; 
and  3,602  ft3  per  acre  and  one  8  ft  x  8  ft 
plantation  of  3,016  ft3  per  acre. 

Newnham,  R.  M. 

1972.  Simulation  of  machines  for  the  con- 
tinuous felling  of  trees.  For.  Manage.  Res.  and 
Serv.  Inst.,  Ottawa,  Ontario,  Inf.  Rep.  FMR-X- 
46.  22  p. 

The  model  simulates  the  mowing  down 
of  small  trees  in  dense  stands  by  the 
uninterrupted  forward  movement  of  a 
harvesting  machine.  The  object  of  the 
simulation  is  to  study  the  forces  present 
and  the  blade  configuration  of  the 
harvester. 

Rogers,  Nelson,  K. 

1972.  Uses  of  computer  simulation  tech- 
niques to  help  solve  pulpwood  harvesting  and 
transportation  problems.  TAPPI 
55(5):772-776. 

A  research  program  at  Georgia  Tech  to 
study  the  systems  components  of  the 
harvesting  and  transportation  of 
pulpwood  resulted  in  the  construction  of 
several  simulation  models  as  tools  for 
analysis.  Models  addressing  "long-range 
forecasting,  organization  and  com- 
munications design,  variation  of  produc- 
tion alternatives  and  sequences,  manage- 
ment of  resources  under  various 
allocation  policies,  testing  machinery 
design  options,  and  the  evaluation  of 
financial  policies"  are  discussed.  (Two 
models,  Stark's  "simulation  model  for  the 
common  harvesting  systems  of  the 
southern  pine  region",  and  Bertils' 
"GPSS  II  model  to  evaluate  terrain 
capabilities  of  typical  pulpwood 
harvesting  vehicles"  are  discussed 
elsewhere  in  the  report.) 

Santesson,  Mona,  and  Sven  Sjunnesson. 
1972.      Simulation      model      for      thinning 


14 


machines.  Inst.  Skogsteknik,  Res.  Notes,  Nr. 
49. 

The  model  described  is  a  modification 
of  a  thinning  systems  simulation  model 
(Newnham,  Sjunnesson  1969).  Program- 
ming has  been  simplified,  and  a  thinning 
machine  with  bouquet-handling 
capabilities  has  been  added.  The  bouquet- 
handling  machine  was  modeled  and 
outproduced  the  single-felling-head 
machines  on  all  types  of  terrain. 

Woodland,  C. 
1970.     An  application  of  systems  simulation 
to  the  economic  analysis  of  logging  systems. 
Pulp  Pap.  Mag.  of  Can.  69(3):73-76. 

This  model,  developed  at  the  Spruce 
Falls  Power  and  Paper  Company  Ltd.,  is  a 
FORTRAN  decision  model  that  provides 


for  the  analysis  and  evaluation  of  new 
logging  systems  and  equipment.  The 
model  is  not  a  true  simulation  because  it 
does  not  involve  random  sampling.  It 
does,  however,  generate  many  different 
possible  combinations  and  by  relating 
each  combination  to  some  final  cost 
criterion  allows  comparisons  of  relative 
profitability  for  different  combinations. 
The  model  essentially  is  an  evaluation 
of  a  decision  tree  for  many  possible 
logging  alternatives,  and  performs  two 
related  functions:  1)  generates  answers 
to  "what  if  questions  by  producing  the 
effect  on  a  cost  criterion  when  values  of 
key  variables  are  changed,  and 
2)  produces  an  expected  total  capital 
expenditure  and  expected  operating  cost 
per  cord  for  each  harvesting 
configuration. 
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GOULET,  DANIEL  V.,  DONALD  L.  SIROIS,  AND 
RONALD  H.  IFF. 

1979.  A  survey  of  timber  harvesting  simulation  models  for 
use  in  the  South.  U.S.  Dep.  Agric.  For.  Serv.  Gen.  Tech. 
Rep.  SO-25,  15  p.  South.  For.  Exp.  Stn.,  New  Orleans, 
La. 

Reviews  literature  about  nine  forest  harvesting  simulation 
models  with  potential  for  simulating  southern  operations. 
From  the  nine,  five  appear  useful  enough  to  warrant  further 
analysis.  An  annotated  bibliography  of  associated  forest 
harvesting  simulation  literature  is  appended. 

Additional  keywords:  simulation,  logging,  com- 
puter models,  forest  harvesting,  survey,  planning. 
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SUMMARY 

This  paper  provides  a  method  of  site  evaluation  for 
cottonwood,  green  ash,  hackberry,  sugarberry,  pecan, 
sweetgum,  sycamore,  yellow-poplar,  and  cherrybark,  Nut- 
tall,  Shumard,  swamp  chestnut,  water  and  willow  oaks. 
The  method  incorporates  an  evaluation  of  the  physical, 
moisture,  nutrient,  and  aeration  properties  of  a  soil  into 
a  site  quality  rating.  Field  tests  have  demonstrated  the 
accuracy  of  the  technique.  The  site  evaluation  technique 
also  provides  a  basis  for  possible  soil  improvement  treat- 
ments for  the  14  hardwood  species  and  estimates  of 
potential  productivity  for  cottonwood,  sweetgum,  and 
sycamore  plantations. 
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PREFACE 

In  1977,  we  published  "A  Practical  Field  Method  of  Site  Evaluation 
for  Eight  Important  Southern  Hardwoods"  (Baker  and  Broadfoot  1977). 
Demand  for  the  guide  was  great  and  many  requested  us  to  expand  ij 
to  include  other  commercially  important  southern  hardwoods.  This  puh 
lication  is  intended  to  satisfy  those  requests. 

The  site  evaluation  tables  for  the  original  eight  species  are  includec 
here  but  have  been  slightly  modified  to  make  them  clearer  and  morei 
useful.  In  addition,  site  evaluation  tables  are  now  provided  for  six  more| 
southern  hardwoods  (hackberry,  sugarberry,  yellow-poplar,  pecan,  anc 
Shumard  and  swamp  chestnut  oaks).  To  make  finding  a  table  for  a  par 
ticular  species  easier,  we  have  added  a  TABLE  OF  CONTENTS,  and  pul 
the  evaluation  tables  in  alphabetical  order  for  easy  reference.  Estimated 
stand  and  production  data  for  sweetgum  and  sycamore  are  now  includec 
(the  earlier  guide  had  these  data  for  cottonwood  only),  and  the  Explana' 
tion  of  Terms  in  the  APPENDIX  has  been  expanded. 


i  A  Practical  Field  Method  of  Site  Evaluation 
br  Commercially  Important  Southern  Hardwoods 
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AND 
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This  field  guide  is  for  use  in  estimating  the  suitability  of  sites  for 
e  following  southern  hardwood  species:  Cottonwood  (Populus  deltoides), 
een  ash  (Fraxinus  pennsylvanica),  pecan  (Carya  illinoensis),  sycamore 
1latanus  occidentalis),  sweetgum  (Liquidambar  styraciflua),  yellow- 
jjplar  (Liriodendron  tulipifera),  hackberry  (Celtis  occidentalis),  sugar- 
Try  (C.  laevigata),  cherrybark  oak  (Quercus  falcata  var.  pagodaefolia), 
futtall  oak  (Q.   nuttallii),  Shumard  oak  (Q.  shumardii),  water  oak  (Q. 
gra),  willow  oak  (Q.  phellos),  and  swamp  chestnut  oak  (Q.  michauxii). 
In  establishing  hardwood  plantations,  the  forest  manager  must  know 
lhether  a  site  is  suitable  for  a  particular  species,  and  for  investment 
jknning  he  should  have  some  idea  of  the  potential  productivity  of  the 
Ice.  Tables  1-12  are  the  guides  for  applying  the  site-evaluation  method; 
instructions  on  their  use  are  given  beginning  on  page  2.  For  cottonwood, 
weetgum,   and   sycamore,   tables   13  and  14  give  estimated  ranges  in 
fee  growth  and  volume  production.  A  glossary  of  terms  that  may  be 
nfamiliar  to  many  readers  is  included  as  an  appendix. 

BACKGROUND 

Many  acres  of  hardwood  plantations  are  established  each  year 
tjroughout  the  eastern  United  States.  Johnson  and  Kerr  (1976)  reported 
■at  by  1981  cottonwood  plantations  alone  could  total  about  70,000  acres, 
130,000-acre  increase  in  5  years.  Other  species,  such  as  sycamore, 
£feetgum,  and  green  ash,  are  also  being  planted  at  accelerated  rates 
tiroughout  the  South. 

Until  recently  the  techniques  available  to  aid  in  site  selection  and 
daluation  for  hardwoods  involved  either  objective  or  subjective 
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approaches  which  had  inherent  shortcomings  that  limit  their  usefulness 
The  problems  of  objectively  selecting  and  quantifying  measurable  soli 
variables  that  consistently  reflect  the  growth  potential  of  hardwoodii 
over  wide  geographic  areas  appear  to  be  insurmountable  (Broadfoot  1969)1 
On  the  other  hand,  subjective  approaches  provide  only  broad  classes  ai 
soil  suitability  or  productivity  for  hardwoods  (Broadfoot  1964,  Broadfooi>{ 
et  al.  1972),  Maisenhelder  1960,  McKnight  1970,  and  Smith  1957). 

Our  technique  of  site  evaluation  combines  the  best  features  o-i 
objective  and  subjective  approaches.  The  technique  is  based  on  ouu 
experience  and  is  not  the  result  of  formal  experimentation,  but  it  prod 
vides  foresters  with  an  accurate  way  of  evaluating  a  site's  suitability 
for  any  of  14  hardwood  species.  The  method  can  also  be  used  to  obtain! 
estimates  of  potential  volume  production  of  sweetgum,  sycamore  amij 
cottonwood  at  various  ages. 

The  advantages  of  the  technique  are:  ( 1 )  it  provides  accurab 
estimates  of  site  index  under  any  soil  or  site  condition;  (2)  it  can  b 
applied  throughout  the  southern  hardwood  region  except  in  those  mour 
tainous  areas  where  aspect  is  important;  (3)  it  does  not  require  idenfc 
fication  of  soil  series;  and  (4)  it  provides  guidelines  for  soil  ameliorate 
treatments.  In  the  future,  the  method  could  possibly  be  modified  | 
include  species  of  trees  from  throughout  the  world  if  allowance  is  madi 
for  differences  in  climate,  soils,  and  topography. 

With  field-plot  data  for  hardwoods  (Broadfoot  1976),  the  technique 
was  tested  for  each  species  for  a  variety  of  soils  and  physiographii 
areas.  Site  index  values  estimated  for  a  particular  site  by  the  ne" 
method  were  compared  to  measured  site  index  values  obtained 
Broadfoot.  These  comparisons  were  subjected  to  correlation  analysis  anr 
to  the  chi-square  test  of  accuracy  (Freese  1960).  On  the  average,  20  sitei 
were  tested  for  each  species;  correlation  coefficients  ranged  from  0.{j 
for  sweetgum  to  0.99  for  cottonwood.  The  chi-square  test  for  accurac 
indicated  that  the  new  evaluation  technique  should  provide  estima 
of  site  index  that  are  within  5  feet  of  measured  site  index  values  | 
percent  of  the  time,  if  all  soil-site  factors  are  correctly  evaluated. 
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BASIS  FOR  AND  DEVELOPMENT  OF  THE  TECHNIQUE 

Growth  of  hardwoods  is  dependent  primarily  on  four  major  so( 
factors  (Broadfoot  1969,"  Broadfoot  et  al.   1972,  Kaszkurewicz  197; 
Schreiner  1959,  Waring  1961).  These  factors  are: 

( 1 )  Soil  physical  condition. 

(2)  Moisture  availability  during  the  growing  season. 

(3)  Nutrient  availability. 

(4)  Aeration. 

Each  major  factor  consists  of  many  soil  and  site  properties  that  affei 
tree  growth.  The  interaction  of  these  properties  within  and  among  tl' 
major  soil  factors  makes  evaluation  of  a  site  a  complex  task. 

The  basis  of  our  approach  is  the  assumption  that  each  of  the  maj< 
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;oil  factors  is  responsible  for  a  certain  percentage  of  tree  growth.  The 
proportion  of  growth  accounted  for  by  each  major  factor  is  composed 
)f  the  contributions  made  by  each  of  its  soil-site  properties. 

We  will  use  cottonwood  to  illustrate  how  the  approach  and  the  site 
evaluation  guides  were  developed.  We  assumed  maximum  height  growth 
pf  130  feet  in  30  years  for  cottonwood  on  an  ideal  site  and  assigned 
a  site  quality  rating  (SQR)  to  each  of  three  possible  conditions  (best, 
medium,  and  poor)  of  each  soil-site  property  for  the  four  major  soil 
(actors  (see  numbers  in  brackets,  table  1).  We  derived  these  ratings  by 
petermining  what  percentage  of  the  130  feet  was  contributed  by  each  of 
the  four  major  soil  factors  (fig.  1).  For  example,  physical  condition  is 
responsible  for  about  35  percent  (46  of  130  feet)  of  cottonwood  growth, 
moisture  availability  also  explains  about  35  percent,  nutrient  availability 
iccounts  for  about  20  percent  (26  of  130  feet)  and  aeration  explains 
jbout  10  percent  (12  of  130  feet).  Next,  we  assessed  the  influence  of 
soil-site  properties  on  each  of  the  four  major  soil  factors.  For  example, 
)f  the  five  soil-site  properties  that  influence  soil  physical  conditions, 
>oil  depth  is  responsible  for  about  35  percent  (16  of  46  feet)  of  the  total 
ffect  of  these  properties  on  soil  physical  condition  (fig.  1).  Texture, 
jjompaction,  structure,  and  past  use  contribute  25  percent  (11  of  46  feet), 
JO  percent  (9  of  46  feet),  10  percent  (5  of  46  feet),  and  10  percent. 
ij>imilar  appraisals  were  made  of  soil-site  properties  for  each  of  the  other 
Ihree  major  soil  factors.  Therefore,  on  an  ideal  site  the  sum  of  the  SQR's 
or  each  major  soil  factor  corresponds  to  a  site  index  of  130  feet  at 
10  years.  After  SQR  values  were  established  for  the  best  site  condition, 
'hey  were  assigned  to  medium  and  poor  sites  by  estimating  height  reduc- 
tions caused  by  less  than  optimal  conditions.  The  site  evaluation  guides 
lor  the  other  species  (tables  2-12)  were  developed  in  like  manner. 

Tables  1-12  list  the  major  soil  factors  and  soil-site  properties  for  the 
14  species.  The  tables  also  present  a  range  of  soil-site  conditions,  from 
|est  to  poor,  that  are  likely  to  occur  for  each  soil  property.  The  soil-site 
;onditions  for  each  property  are  assigned  numerical  site-quality  ratings 
SQR),  which  are  given  in  brackets. 

FIELD  USE  OF  THE  EVALUATION  TECHNIQUE 

To  obtain  an  SQR  value  for  a  particular  species,  match  the  soil-site 
Conditions  of  your  area  as  closely  as  possible  to  the  range  of  conditions 
isted  for  each  soil-site  property  in  the  appropriate  table.  A  30-year  site 
ndex  for  cottonwood  and  a  50-year  site  index  for  the  other  species  is 
bbtained  by  adding  the  SQRs  for  each  soil-site  property.  If  a  total  SQR 
br  any  site  does  not  exceed  80  feet  for  cottonwood;  75  feet  for  sweetgum 
iind  Nuttall  oak;  70  feet  for  sycamore,  pecan,  yellow-poplar,  and  water, 
villow,  cherrybark,  and  Shumard  oaks;  65  feet  for  green  ash  and  swamp 
i-hestnut  oak;  and  55  feet  for  hackberry  and  sugarberry,  the  area  should 
!>e  considered  unsuitable  for  that  species  unless  amelioration  is  used 
o  improve  soil  conditions. 


If  an  exact  match  is  not  possible,  interpolate  between  conditions 
listed  in  the  tables.  If  you  are  unable  to  determine  a  specific  soil-site  condi- 
tion, do  not  hesitate  to  make  an  educated  guess;  a  few  poor  estimations 
probably  will  not  cause  serious  errors  in  the  final  site  quality  rating.  A  few 
hours  of  instruction  from  a  soil  scientist  should  enable  people  who  are] 
unfamiliar  with  various  soil-site  conditions  to  make  accurate  estimates. 


PHYSICAL 

CONDITION 

46'    (35  %  OF    130') 


MAXIMUM    TREE 
GROWTH  —  130' 


MAJOR    SOIL    FACTORS 


AVAILABLE    MOISTURE 
46'    (35  %   OF    130') 


NUTRIENT 

AVAILABILITY 

26'    (20  %   OF    130') 


AERATION 

(10  %    OF    130') 


SOIL    DEPTH 
16'  (35  %  OF   461 


TEXTURE 
II'    (25%) 


COMPACTION 
9'    (20  %) 


STRUCTURE 
5'     (10%) 


PAST    USE 
5'    (10%) 


WATER    TABLE     DEPTH 
10'  (20  %    OF    46) 


PRESENCE    OF    PANS 
9'    (20  %) 


TOPOGRAPHIC    POSITION 
7'    (15%) 


MICROSITE 
7'    (15  %) 


STRUCTURE 
5'    (10  %) 


TEXTURE 
4'    (10  %) 


FLOODING 
2'    (5  %) 


PAST    USE 
2'    (5  %) 


GEOLOGIC    SOURCE 
8'   (30%  OF    26) 


PAST    USE 
5'    (20  %) 


ORGANIC    MATTER 
4'     (15%) 


TOPSOIL    DEPTH 
3'     (10  %) 


SOIL    AGE 
3'    (10  %) 


PH 
3'    (10  %) 


SOIL      STRUCTURE 
3'  (25  %   OF    12] 


SWAMPINESS 
3'     (25%) 


MOTTLIN 
3'     (25% 


SOIL     COLOR 
3'    (2  5%) 


Figure  1.  —  Contribution  of  various  soil-site  properties  to  the  four  major  soil  factors 
and  to  cottonwood  growth  (maximum  growth  expected  on  an  ideal  site  at 
age  30). 
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As  an  example  of  how  the  technique  is  applied,  let  us  assume  that 
the  location  to  be  evaluated  is  a  recently  abandoned  old  field  in  the 
Mississippi  River  floodplain  that  had  been  under  intensive  agronomic 
cropping  for  25  years.  The  area  is  level  and  not  subject  to  flooding. 
The  soil  is  a  loam  with  no  profile  development;  it  is  granular  in  structure 
but  is  moderately  compacted  and  has  a  plowpan  at  10  inches.  It  is  brown 
and  mottled  at  36  inches.  A  water  table  occurs  at  5  feet  during  the 
growing  season,  pH  is  6.5,  and  there  is  less  than  1  percent  organic 
matter  in  the  A-horizon. 

The  SQR's  for  each  soil-site  characteristic  of  the  hypothetical  area, 
taken  from  table  1,  are  summed  up  and  produce  the  following  site 
evaluation  for  cottonwood: 
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MAJOR  SOIL  FACTORS 


Physical  Moisture  Nutrient 

....  <2)  (3)  H)    Aeration 

condition  availability  availability 


Water  table  . .  10  Geologic 

Pans 6               source 8 

flil  depth                        Position 7  Past  use -3 

Hind  pans  .  .     11          Microsite  ....  5  '",  organic 

lecture 11          Structure  ....  5              matter  ....  -3         Structure  ....     :i 

Impaction  ..      6          Texture 4  Topsoil 3          Swampiness  ..    3 

Iructure  ....       5          Flooding  ....  -1  Soil  age 3          Mottling  ....     3 

1st  use -2          Past  use -1  pH 3          Color 3 


Total  31  ft  35  H  11  ft  12  ft 

('.Ml 

Jbsible)             (46  ft)                                 (46  ft)  (26  ft)  (12  ft) 

I TOTAL  SQR  OR  SITE  INDEX  =  89  ft 

This  evaluation  indicates  that  the  site  index  for  cottonwood  on  this 
jlrticular  area  is  89  feet  at  30  years. 

By  comparing  the  value  obtained  for  each  major  factor  with  the 
rpximum  values  possible  for  an  ideal  site,  we  can  determine  which  major 
fbtor  limits  growth.  In  the  example,  physical  condition  received  31  of 
|e  46  (67  percent)  points  possible;  moisture  availability  and  aeration 
Keived  76  and  100  percent,  respectively,  of  the  total  possible  points. 
Iitrient  availability,  however,  received  only  42  percent  of  its  total  pos- 
&>le  points.  Thus,  a  lack  of  sufficient  nutrients  would  probably  limit 
lowth  on  this  site,  and  fertilization  might  be  used  to  improve  the  growth 
i\  cottonwood. 

ESTIMATES  OF  POTENTIAL  PRODUCTIVITY  FOR 
loTTONWOOD,  SWEETGUM,  AND  SYCAMORE  BY  SITE  CLASSES 

Once  a  forest  manager  has  calculated  the  SQR  for  cottonwood, 
sieetgum,  or  sycamore  for  an  area,  he  can  obtain  from  tables  13  or 
1  an  estimate  of  productivity  for  various  stages  of  development.  These 
loduction  estimates  were  measured  from  yields  in  cottonwood  planta- 
ins through  age  15  and  from  natural  stand  data  for  ages  20  through 
I  years.  Sweetgum  and  sycamore  yields  were  estimated  as  a  proportion 
1  cottonwood  yields.  At  present,  plantation  data  are  not  adequate  to 
pjepare  productivity  tables  for  the  other  species.  Derivation  of  the  esti- 
mates for  cottonwood  was  based  on  the  following  assumptions: 

1 1 )  Site  preparation  and  plantation  culture  through  the  first  growing 
season  as  described  by  McKnight  ( 1970). 

(2)  Planting  density  of  approximately  430  trees  per  acre;  20  percent 
planting  mortality  and  1  percent  natural  mortality  per  year  after 
establishment. 

(3)  Proper  thinning  to  maintain  adequate  growing  space  for  crop 
trees.  These  thinnings  included: 
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a.  One-half  of  the  trees  (%  of  the  basal  area)  removed  per  acre  i 
as  row  thinnings  on  the  Class  I  and  II  sites  at  age  5. 

b.  One-half  of  the  trees  (l/>  of  the  BA)  removed  as  row  thinnings 
on  the  Class  III  sites  and  one-third  of  the  BA  (38  percent  ofi'1 
the  trees  from  the  lower  half  of  the  diameter  range)  removed 
by  selection  on  the  Class  I  and  II  sites  at  age  10. 

c.  One-third  of  the  BA  (38  percent  of  the  trees  from  the  lower- 
half  of  the  diameter  range)  removed  by  selection  on  all  site 'J'1 
classes  at  age  15. 

d.  One-third  of  the  BA  (38  percent  of  the  trees  from  the  lower 
half  of  the  diameter  range)  removed  by  selection  on  the  Class  I 
sites  at  age  20. 

Production  estimates  presented  at  each  age  are  for  standing  trees  i 
at  that  time  and  do  not  include  previous  thinnings,  but  net  production  i 
(final  harvest  cut  +  previous  thinnings)  is  given  for  age  30.  Net  produc-i 
tion  for  ages  other  than  30  years  can  be  calculated  by  summing  the  i| 
volume  of  standing  trees  at  the  intermediate  age  and  the  volume  ob- 1 
tained  from  previous  thinnings.  For  example,  net  production  in  cords 
for  cottonwood  for  the  Class  I  sites  at  age  15  is  50  +  (1/3  of  46)  or  >!j 
15.3  +  (1/2  of  17)  or  8.5,  giving  a  total  of  73.8  cords  per  acre  (table  8). 

It  should  be  noted  that  values  for  ft.3,  cords,  M  bm,  and  dry  matter. 
represent  the  total  production  for  a  single  product.   For  example,  for « 
cottonwood  at  age  30  the  Class   I  sites  would  produce  11,170  ft.3  or 
124  cords  or  39  and  49  M  bm  (Doyle  and  Int.)  or  830  tons  of  stem  • 
per  acre  (table  8).  Estimates  are  not  provided  for  multiple  products. 


1!' 


:% 


a«2 


ais 


LITERATURE  CITED 

iker,  James  B.,  and  W.  M.  Broadfoot. 

1977.  A  practical  field  method  of  site  evaluation  for  eight  important 
southern  hardwoods.   U.S.   Dep.  Agric.  For.  Serv.  Gen.  Tech.  Rep. 
SO-14,  31  p.,  South.  For.  Exp.  Stn.,  New  Orleans,  La. 
oadfoot,  W.  M. 
1 1964.  Soil  suitability  for  hardwoods  in  the  Midsouth,  U.S.  Dep.  Agric. 
For.    Serv.    Res.    Note   SO-10,    10  p..   South.   For.   Exp.   Stn.,   New 
Orleans,  La. 
|oadfoot,  W.  M. 
11969.  Problems  in  relating  soil  to  site  index  for  southern  hardwoods. 

For.  Sci.  15:  354-364. 
Iroadfoot,  W.  M. 

.1976.  Hardwood  suitability  for  and  properties  of  important  Midsouth 
soils.   U.S.  Dep.  Agric.  For.  Serv.  Res.  Pap.  SO-127,  84  p.,  South. 
For.  Exp.  Stn.,  New  Orleans,  La. 
loadfoot,  W.  M.,  B.  G.  Blackmon,  and  J.  B.  Baker. 
11972.    Soil   management   for   hardwood   production.    In    Proc.   Symp. 
Southeast.    Hardwoods    1971:    17-29.    U.S.    Dep.   Agric.    For.   Serv. 
Southeast.  Area,  State  and  Priv.  For.,  Atlanta,  Ga. 
leese,  Frank. 

I960.  Testing  accuracy.  For.  Sci.  6:  139-145. 
Crosenbaugh,  L.  R. 

'1954.    New   tree-measurement  concepts:   Height  accumulation,   giant 
tree,  taper  and  shape.  U.S.  Dep.  Agric.  For.  Serv.  Occas.  Pap.  134, 
32  p.,  South.  For.  Exp.  Stn.,  New  Orleans,  La. 
Jhnson,  R.  L.,  and  Ed  Kerr: 

1976.  The  cottonwood  success  story.  South.  Lumberman  233:  78-79. 
Biszkurewicz,  Anatol. 
1973.  Establishment  and  early  growth  of  Populus  deltoides  Bartr.  Ph.D. 
diss.,  La.  State  Univ.,  Baton  Rouge,  312  p. 
NcKnight,  J.S. 
1970.  Planting  cottonwood  cuttings  for  timber  production  in  the  South. 
U.S.   Dep.   Agric.   For.   Serv.   Res.   Pap.   SO-60,   17  p.,  South.   For. 
Exp.  Stn.,  New  Orleans,  La. 
Aiisenhelder,  L.  C. 
1960.   Cottonwood   plantations  for  southern  bottomlands.   U.S.   Dep. 
Agric.   For.   Serv.   Occas.   Pap.    179,   24  p.,  South.   For.   Exp.  Stn., 
New  Orleans,  La. 
Nphn,  C.  A.,  and  R.  M.  Krinard. 
L971.  Volume  tables  for  small  cottonwoods  in  plantations.  U.S.  Dep. 
Agric.   For.  Serv.  Res.   Note  SO-113,  4  p.,  South.   For.   Exp.   Stn., 
New  Orleans,  La. 


Mueller,  C.  W. 

1976.  The  accumulation  of  dry  matter  in  plantations  of  eastern  cotton 

wood  on  alluvial  sites  of  the  Mississippi  River  Valley,  Unpubl.  M.S 

thesis,  Miss.  State  Univ.,  Mississippi  State,  88  p. 
Putnam,  J.  A.,  G.  M.  Furnival,  and  J.  S.  McKnight. 

1960.  Management  and  inventory  of  southern  hardwoods.  U.S.  Dep. 
Agric.  For.  Serv.,  Agric.  Handb.  181.,  102  p. 

Schreiner,  E.  J. 

1959.  Production  of  poplar  timber  in  Europe  and  its  significance  and 
application  in  the  United  States.  U.S.  Dep.  Agric.  For.  Serv,  Agric. 
Handb.  150,  124  p. 
Smith,  J.  H.  G. 

1957.    Some  factors  indicative  of  site  quality  for  black  cottonwood 
(Populus  trichocarpa  Torr.  &  Gray/  J.  For.  55:  578-580. 
Soil  Science  Society  of  America. 

1975.   Glossary  of  soil   science  terms.   Soil  Sci.  Soc.  Am.,  Madison,  n 
Wise.  34  p. 
U.S.  Department  of  Agriculture. 

1951.  Soil  survey  manual.  U.S.  Dep.  Agric,  Agric.  Handb.  18,  503  p 

Waring  H.  D. 

1961.  The  soil  requirements  of  poplars.  Aust.  For.  25:  89-91. 


G 

fir 


able  1.  -  Site  Evaluation  Guide  for  COTTONWOOD^ 

Soil-site                                               Soil-site  condition  and  relative  quality 

property                                     Best                              Medium                              Poor 

Factor  1.  Physical  condition 

Soil  depth  and 
presence  of 
artificial  or 
inherent  pan 


Deep  soil  (>  4 
feet);  without 
pan 

U6]2 


Medium  depth 
(2-4  feet),  or 
a  soil  with  a 
plowpan 

[111 


Shallow  soil 
(<  2  feet),  or  a 
soil  with  an 
inherent  pan 
[-11] 


Texture 
(in  rooting 
zone) 


Medium-textured ; 
silty  or  loamy 

111] 


Coarse-textured ; 
sandy 


Fine-textured; 
clayey 

1-4] 


Compaction 
(in  surface 
foot) 


No  compaction; 
loose,  porous, 
friable,  bulk 
density  <  1.4 
g/cc 

[9] 


Moderately  com- 
pacted; firm, 
moderately  tight, 
bulk  density 
1.4-1.7  g/cc 
[6| 


Strongly  com- 
pacted; tight, 
bulk  density 
>  1.7  g/cc 

[-3] 


Structure 
(in  rooting 
zone) 


Granular; 
structureless, 
single-grained  if 
sandy,  massive 
if  loamy  or  silty 
15] 


Prismatic; 
blocky 


13] 


Massive  (if 
clayey);  platy 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin 
forest  cover 


[5] 


Moderate  culti- 
vation; cultiva- 
ted <  20  years, 
or  open  with 
grass  cover 
[2] 


Intensive  culti- 
vation; cultiva- 
ted >  20  years, 
or  open  and  bare 

[-2] 


Continued 


Table  1.  -  Site  Evaluation  Guide  for  COTTONWOOD  (con't) 


Soil-site 

3oil-site  condition  and  relative  quality 

property 

Best 

Medium 

Poor 

Factor  2.  Moisture 

ava 

lability  during  growing 

season 

Water  table 
depth 

2-6' 

[10] 

1-2';  7-10' 
[7] 

<1    [unsuitable]; 
>10'     [0)3 

Artificial  or 
inherent  pans 

No  pans 
[9] 

Plowpan 

[6] 

Inherent  pan 

[-6] 

Topographic 
position 

Floodplain  or 
stream  bottom 

[71 

Stream  terraces 
or  lower  slopes 
[5] 

Upland 

[-5] 

Microsite 


Concave;  depres- 
sion, pocket, 
trough 

[7] 


Level;  flat 


[5] 


Convex;  ridge, 

mound 

[-2] 


Structure 
(in  rooting 
zone) 


Granular; 
structureless, 
massive  (if  silty, 
loamy,  or  clayey) 
stratified 
[51 


Prismatic; 
blocky 


[3] 


Structureless, 
single-grained 
(if  sandy);  platy 


Texture 
(in  rooting 
zone) 


Silty  or  loamy 
(or  stratified) 
[4] 


Clayey 


[2] 


Sandy 


[-2] 


Flooding 

Winter  through 

Winter  only 

None  [-11; 

spring 

continuous 

[2] 

[11 

[unsuitable] 

Past  use  and 

Undisturbed; 

Moderate  culti- 

Intensive culti- 

present cover 

near-virgin 

vation;  culti- 

vation; culti- 

forest cover 

vated  <  10  years 

vated  >  10 

or  open  with 

years  or  open 

grass  cover 

and  bare 

[21 

[11 

[-1] 

Continued 
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fable  1.  -  Sire  Evaluation  Guide  for  COTTONWOOD  (con't) 


Soil-site 
property 

Soil-site  condition  and  relative  quality 

Best 

Medium 

Poor 

Factor  3.  Nutrient  availability 

Geologic 

Mississippi  River, 

Mixed  Coastal 

Coastal  Plain 

source 

Loess,  Blackland 

Plain  and  other 

[8] 

[5] 

[-5] 

Past  use  and 

Undisturbed; 

Moderate  culti- 

Intensive culti- 

present cover 

near-virgin, 

vation;  culti- 

vation; culti- 

forest cover, 

vated  5-10  years, 

vated  >  10 

cultivated 

or  open  with 

years,  or  open 

<  5  years 

grass 

and  bare 

[5] 

[3]« 

[-3H 

Organic  matter 

>  2% 

1-2% 

<  1% 

(A-horizon) 

[4] 

[3] 

[-3] 

Depth  of 

>  6    or  no  profile 

3-6" 

<  3" 

1  topsoil 

development 

(A-horizon) 

[3] 

[2] 

[-2] 

t  Soil  age 

Young,  no  profile 

Medium,  moderate 

Old,  well- 

development 

profile 

developed  profile. 

(Entisols) 

development 

leached  (Alfisols. 

(Inceptisols) 

Ultisols) 

[3] 

[2] 

1-2] 

pH  (in  rooting 

5.5-7.5 

4.5-5.5  or 

<  4.5  or 

zone 

7.6-8.5 

>  8.5 

[3] 

[2] 

[-2] 

Factor  4. 

Aeration 

■  Soil  structure 

Granular,  porous: 

Prismatic; 

Massive  (if 

(in  rooting 

structureless, 

blocky 

clayey);  platy 

zone) 

single-grained 
if  sandy,  massive 
if  loamy  or  silty 

[3] 

[2] 

1-2] 

Swampiness 

Wet  in  winter 

Wet  January-July 

Waterlogged  all 

onlv 

year 

[3] 

[2] 

[Unsuitable] 

Mottling 

None  to  18"  depth 

None  to  8"  depth 

Mottled  to 

surface  or  gray 
mineral  soil 

[3] 

[2] 

[-21 

Soil  color  Black,  brown,  red        Yellow, 

(in  rooting  zone)  brownish-gray 

[3]  [21 


Gray 


130  feet  at  30  years  maximum  S.I.;  80  feet  minimum  acceptable  S.I. 

Each  bracketed  number  indicates  the  site  quality  rating  (SQR)  of  a  particular  soil-site 

:ondition. 

[f  the  soil  is  a  sand  or  loamy  sand,  then  [-20]. 

[f  cultural  practices  included  annual  fertilization,  then  |4|. 
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Table  2.  -  Site  Evaluation  Guide  for  GREEN  ASW 

Soil-site                                                Soil-site  condition  and  relative  quality 

property                                      Best                              Medium                              Poor 

Factor  1.  Physical  condition 

Soil  depth  and 
presence  of 
artificial  or 
inherent  pan 


Deep  soil  (  >  4 
feet);  without 
pan 

[8)2 


Medium  depth 
(2-4  feet),  or 
a  soil  with  a 
plowpan 

[5] 


Shallow  soil 
(<  2  feet),  or  a 
soil  with  an 
inherent  pan 

[-3] 


Texture 
(in  rooting 


Medium-textured ; 
silty  or  loamy 


Coarse-textured ; 
sandy 


Fine-textured; 
clayey 


[2] 


;ii 


[-1] 


Compaction 
(in  surface 
foot) 


No  compaction; 
loose,  porous, 
friable,  bulk 
density  <  1.4 
g/cc  ' 

[5] 


Moderately  com- 
pacted; firm, 
moderately  tight, 
bulk  density 
1.4-1.7  g/cc 
[3] 


Strongly  com- 
pacted; tight, 
bulk  density 
>  1.7  g/cc 

[01 


Structure 
(in  rooting 
zone) 


Granular; 
structureless, 
single-grained  if 
sandy,  massive 
if  loamy  or  silty 
[2] 


Prismatic; 
blocky 


[1] 


Massive  (if 
clayey);  platy 


[0] 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin 
forest  cover 


[4] 


Moderate  culti- 
vation; cultiva- 
ted <  20  years, 
or  open  with 
grass  cover 
[21 


Intensive  culti- 
vation; cultiva- 
ted >  20  years, 
or  open  and  bare 

[11 


Continued 
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Table  2.  —  Site  Evaluation  Guide  for  GREEN  ASH  (eon  t) 


Soil-site 
property 

Soil-site  condition  and  relative  quality 

Best                              Medium                              foor 

Factor  2.  Moisture  availability  during  growing  season 

Water  table 
depth 

2-6'                                      1-2'       [7];                            <l'     10]; 
[10]                         7-10'    [5]                              >10'[-5]3 

Artificial  or 
inherent  pans 


No  pans 


[9] 


Plowpan 


Inherent  pan 


-2] 


Topographic 
position 


Floodplain  or 
stream  bottom 
[10] 


Stream  terraces 
or  lower  slopes 

[7] 


Upland 


Mrcrosite 


Concave;  depres- 
sion, pocket, 
trough 

[5] 


Level;  flat 


Convex;  ridge, 
mound 

[0] 


Structure 
(in  rooting 
zone) 


Granular; 
structureless, 
massive  (if  silty, 
loamy,  or  clayey) 
stratified 
[2] 


Prismatic: 
blocky 


[1] 


Structureless, 
single-grained 
if  sandy;  platy 


[-1] 


Texture 
(in  rooting 
zone) 


Silty  or  loamy, 
(or  stratified) 

[2] 


Clayey 


Sandy 


[1] 


[-1] 


Flooding 


Winter  through 
spring 

[7] 


Winter  only 
[4] 


None  [-3]; 
continuous 
[unsuitable) 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin 
forest  cover 


[2] 


Moderate  culti- 
vation; culti- 
vated <  10  years 
or  open  with 
grass  cover 
[1] 


Intensive  culti- 
vation; culti- 
vated >  10 
years  or  open 
and  bare 
[0] 


Continued 
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Table  2.  —  Site  Evaluation  Guide  for  GREEN  ASH  Icon't) 


Soil-site 

Soil-site 

condition  and  relative 

quality 

property 

Best 

Medium 

Poor 

Factor  3.  Nutrient  availability 

Geologic 

Mississippi  River, 

Mixed  Coastal 

Coastal  Plain 

source 

Loess,  Blackland 

Plain  and  other 

16] 

[2] 

[-2] 

Past  use  and 

Undisturbed; 

Moderate  culti- 

Intensive culti- 

present cover 

near-virgin 

vation;  culti- 

vation; culti- 

forest cover. 

vated  5-10  years, 

vated  >  10 

cultivated 

or  open  with 

years,  or  open 

<  5  years 

grass 

and  bare 

[6] 

[3]4 

[-1]< 

Organic  matter 

>  2% 

1-2% 

<  1% 

( A-horizon) 

[4] 

[2] 

[-1] 

Depth  of 

>  6    or  no  profile 

3-6" 

<3" 

topsoil 

development - 

(A-horizon) 

[4] 

[2] 

[-1] 

Soil  age 

-Young,  no  profile 

Medium,  moderate 

Old,  well- 

development 

profile 

developed  profile. 

( Entisols) 

development 

leached  (Alfisols, 

(Inceptisols) 

Ultisols) 

[3] 

[2] 

[0] 

pH  (in  rooting 

5.5-7.5 

4.5-5.5  or 

<  4.5  or 

zone) 

7.6-8.5 

>  8.5 

[3] 

[2] 

[-2] 

Factor  4. 

Aeration 

Soil  structure 

Granular,  porous; 

Prismatic; 

Massive  (if 

(in  rooting 

structureless, 

blocky 

clayey);  platy 

zone) 

single-grained 
if  sandy,  massive 
if  loamv  or  siltv 

13] 

[2] 

[0] 

Swampiness 

Wet  in  winter 
only 

Wet  January -July 

Waterlogged  all 
year 

[3] 

12] 

[0] 

Mottling 

None  to  18"  depth 

None  to  8    depth 

Mottled  to 
surface  or  gray 
mineral  soil 

12] 

[1] 

[0] 

Soil  color 

Black,  brown,  red 

Yellow, 

Gray 

(in  rooting  zone) 

brownish-gray 

10, 

[21 

[1] 

i  105  feet  at  50  years  maximum  S.I.;  65  feet  minimum  acceptable  S.I. 

2  Each  bracketed  number  indicates  the  site  quality  rating  ( SQR  )  of  a  particular  soil-site 

condition. 
3 If  the  soil  is  a  sand  or  loamy  sand,  then  [-10]. 
1  If  cultural  practices  included  annual  fertilization,  then  |4|. 
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ible  3.  —  Site  Evaluation  Guide  for  HACKBERRY  and  SUGARBERRYi 


Soil-site 

Soil-site 

condition  and  relative 

qualify 

property 

Best 

Medium 

Poor 

Factor  1.  Physical  condition 

Soil  depth  and 

Deep  soil  (  >  4 

Medium  depth 

Shallow  soil 

presence  of 

feet);  without 

(2-4  feet),  or  a 

(<  2  feet),  or  a 

artificial  or 

pan 

soil  with  a 

soil  with  an 

inherent  pan 

plowpan 

inherent  pan 

[6)2 

[4] 

1-21 

Texture  (in  rooting 

Medium-textured ; 

Coarse-textured; 

Fine-textured; 

zone) 

silty  or  loamy 

sandy 

clayey 

[51 

[3] 

111 

Compaction 

No  compaction; 

Moderately  com- 

Strongly com- 

(in surface  foot) 

loose,  porous. 

pacted;  firm. 

pacted;  tight, 

friable,  bulk 

moderately  tight. 

bulk  density 

density  <  1.4 

bulk  density 

>  1.7  g/cc 

g/cc 

1.4-1.7  g/cc 

[51 

|:s| 

[-11 

Structure 

Granular; 

Prismatic; 

Massive  (if 

(in  rooting 

structureless, 

blocky 

clayey);  platy 

zone) 

single-grained  if 
sandy,  massive  if 

loamv  or  siltv 

14] 

[3| 

HI 

Past  use  and 

Undisturbed; 

Moderate  culti- 

Intensive culti- 

present cover 

near-virgin. 

vation;  cultiva- 

vation; cultiva- 

forest cover 

ted  <  20  years. 

ted      '  20  years. 

or  open  with 

or  open  and  bai  e 

grass  cover 

[51 

[2] 

In] 

Continued 
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Table  3.  —  Site  Evaluation  Guide  for 

HACKBERRY  and  SUGARBERRY  (con't) 

Soil-site                                                   Soil-site  condition  and  relative 

quality 

property                                         Best 

Medium 

Poor 

Factor  2.  Moisture  availability  during  growing;  season 

Water  table                      2-6' 
depth                                                 [51 

1-2';  7-10' 
[31 

<  1    [unsuitable]; 
>  10'     [OP 

Artificial  or                       No  pans 
inherent  pans                                   [5) 

Plowpan 

[21 

Inherent  pan 
1-2] 

Topographic 
position 


Flood  plain  or 
stream  bottom 

I4| 


Stream  terraces 
or  lower  slopes 

121 


Upland 


[-4] 


! 


Microsite 


Concave;  depres- 
sion, pocket, 
trough 

|2| 


Level;  flat 


HI 


Convex;  rid 
mound 

[-21 


Structure 

(in  rooting  zone) 


Granular; 
blocky;  struc- 
tureless; mass- 
ive (if  silty, 
loamy,  or  clayey); 
stratified 
[3| 


Prismatic; 
platy 


[2] 


Structureless; 
single-grained 
if  sandy 


Texture 

(in  rooting  zone) 


Flooding 


Silty  or  loamy, 
(or  stratified ) 

12| 


Clavev 


Winter  through 
spring 

I2| 


Winter  only 


[1] 


Sandv 


10] 


None      [0] 

Continuous 

(Unsuitable] 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


Moderate  culti- 
vation; culti- 
vated <  10  years 
or  open  with 
grass  cover 
[1] 


Intensive  culti- 
vation; culti- 
vated  >  10  years 
or  open  and 
bare 

10] 


Continued 
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Table  3.  —  Site  Evalua 

tion  Guide  for  HACKBERRY  and  SUGARBERRY  (con't) 

Soil-site 
property 

Soil-site 

condition  and  relative 

quality 

Best 

Medium 

Poor 

Factor  3.  Nutrient  availability 

Geologic 
source 

Mississippi  River, 

Loess,  Blackland 

[6] 

Mixed  Coastal 
Plain  and  other 
[4] 

Coastal  Plain 

[0] 

Past  use  and 
present  cover 

Undisturbed; 
near-virgin 
forest  cover, 
cultivated 
<  5  years 
[4] 

Moderate  culti- 
vation; culti- 
vated 5-10  years, 
or  open  with 
grass 

[2]4 

Intensive  culti- 
vation; culti- 
vated >  10 
years,  or  open 
and  bare 
1  <> ! ' 

Organic  matter 
(A-horizon) 

29i 

(4| 

1-2% 

[2] 

<  1% 

1  '-'1 

Depth  of 

topsoil 

(A-horizon) 

>6    or  no  profile 
development 

[4| 

3-6" 

[2] 

<3" 

[0] 

Soil  age 

Young,  no  profile 
development 
( Entisols) 

[4| 

Medium,  moderate 
profile 

development 
(Inceptisols) 

|12| 

Old,  well- 
developed  pro- 
file, leached 
(Alfisols;  Ultisols) 
[11 

pH  (in  rooting 
zone) 

4.0-8.5 

[3] 

4.0-8.5 

[3] 

4.0  -8.5 

[3| 

Continued 
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Table  3.  - 

Site 

Evalua 

tion 

G 

tide  for  HACKBERRY  and  SUGARBERRY  (con 

V 

Soil-site 

Soil-site  condition  and  relative  quality 

property 

Best                              Medium                              Poor 

Factor  4.  Aeration 

Soil  structure 

Granular,  porous; 

Prismatic; 

Massive  (if 

(in  rooting 

structureless, 

blocky 

clayey);  platy 

zone) 

single-grained  if 
sandy,  massive  if 
loamy  or  silty 

[7] 

[51 

[01 

Swampiness 

Wet  in  winter 
only 

Wet  Janua 

-y-July 

Waterlogged  all 
year 

[6] 

[41 

[Unsuitable] 

Mottling 

None  to  18" depth 

None  to  8" 

depth 

Mottled  to 
surface  or  gray 
mineral  soil 

[7] 

[5| 

[2] 

Soil  color 

Black,  brown,  red 

Yellow, 

Gray 

(in  rooting  zone) 

brownish-gray 

[5] 

[41 

[31 

1 100  feet  at  50  years  maximum  S.I.;  55  feet  minimum  acceptable  S.I. 

'-'Each  bracketed  number  indicates  the  site  quality  rating  (SQR)  of  a  particular  soil-site 

condition. 
3 If  the  soil  is  sand  or  loamy  sand,  then  [-51. 
4  If  cultural  practices  included  annual  fertilization,  then  [3], 
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Table  4.  - 

Site  Evaluation 

Guide  for 

CHERRYBARK  OAK^ 

Soil-site 

Soi 

[-site  condition  and  relative 

quality 

property 

Best 

Medium 

Poor 

Factor  1. 

Physical  condition 

Soil  depth  and 
presence  of 
artificial  or 
inherent  pan 


Deep  soil  (  >  4 
feet);  without 
pan 

[6]2 


Medium  depth 
(2-4  feet),  or 
a  soil  with  a 
plowpan 

[41 


Shallow  soil 
<<  2  feet),  or  a 
soil  with  an 
inherent  pan 
[-2] 


Texture 
(in  rooting 
zone) 


Medium-textured ;       Coarse-textured ; 
silty  or  loamy  sandy 


Fine-textured; 
clayey 

[1] 


Compaction 
(in  surface 
foot) 


No  compaction; 
loose,  porous, 
friable,  bulk 
density  <  1.4 
g/cc 

(61 


Moderately  com- 
pacted; firm, 
moderately  tight, 
bulk  density 
1.4-1.7  g/cc 
[4] 


Strongly  com- 
pacted; tight, 
bulk  density 
>  1.7  g/cc 

1-21 


Structure 
(in  rooting 
zone) 


Granular; 
structureless, 
single-grained  if 
sandy,  massive 
if  loamy  or  silty. 
16] 


Prismatic; 
blocky 


[4] 


Massive  (if 
clayey);  platy 


[0] 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin 
forest  cover 


[81 


Moderate  culti- 
vation; cultiva- 
ted <  20  years, 
or  open  with 
grass  cover 
[4] 


Intensive  culti- 
vation; cultiva- 
ted >  20  years, 
or  open  and  bare 

111 


Continued 


1!) 


Table  4.  —  Site  Evaluation  Guide  for  CHERRYBARK  OAK  (con't) 


Soil-site 

Soil-site  condition  and  relative  quality 

property 

Best                              Medium                              Poor 

Factor  2.  Moisture  availability  during  growing  season 

Water  table 
depth 

2-6'                                      1-2';  7-10'                         <  l'  (unsuitable]; 
[61                                    [3]                             10'    [-3)3 

Artificial  or 
inherent  pans 


No  pans 


[6] 


Plowpan 


13] 


Inherent  pan 

1-21 


Topographic 
position 


Floodplain  or 
stream  bottom 

16] 


Stream  terraces 
or  lower  slopes 

[4] 


Upland 


Microsite 


Concave;  depres- 
sion, pocket, 
trough 

121 


Level;  flat 


Convex;  ridge, 
mound 

(01 


Structure 
(in  rooting 
zone) 


Granular; 
structureless, 
massive  (if  silty, 
loamy,  or  clayey); 
stratified 
(51 


Prismatic; 
blocky 


(31 


Structureless, 
single-grained 
if  sandy;  platy 


Texture 
(in  rooting 
zone) 


Silty  or  loamy, 
(or  stratified) 

(51 


Clayey 


Sandy 


[31 


[01 


Flooding 


Winter  through 
spring 

[61 


Winter  only 


[31 


None  [01; 
continuous 
(unsuitable! 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


[2] 


Moderate  culti- 
vation; culti- 
vated <  10  years 
or  open  with 
grass  cover 
[11 


Intensive  culti- 
vation; culti- 
vated >  10 
years  or  open 
and  bare 
(01 


Continued 
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Table  4.  —  Site  Eva 

uation  Guide  for  CHERRYBARK  OAK  (con'l) 

Soil-site 
property 

Soil-site 

condition  and  relative 

quality* 

Best 

Medium 

Poor 

Factor  3.  Nutrient  availability 

Geologic 
source 

Mississippi  River, 

Loess,  Blackland 

[3] 

Mixed  Coastal 
Plain  and  other 
[1] 

Coastal  Plain 

1"! 

Past  use  and 
present  cover 

Undisturbed; 
near-virgin 
forest  cover, 
cultivated 
<  5  years 
15] 

Moderate  culti- 
vation; culti- 
vated 5-10  years, 
or  open  with 
grass 

[3H 

Intensive  culti- 
vation; culti- 
vated       10 
years,  or  open 
and  bare 
HI1 

Organic  matter 
(A-horizon) 

>  2% 

[5| 

1-2% 

[3] 

|0| 

Depth  of 

topsoil 

(A-horizon) 

>  6    or  no  profile 
development 

[5] 

3-6" 

[2] 

<3" 

1-3] 

Soil  age 

Young,  no  profile 
development 

( Entisols) 

[2| 

Medium,  moderate 
profile 

development 
( Inceptisols) 

111 

Old,  well- 
developed  profile. 
leached  ( Alfisols, 

Ultisols) 

[0] 

pH  (in  rooting 
zone) 

4.5-5.5 

[5| 

5.6-7.5  or  4.0-4.4 
[3| 

4.0       1-21 

7.5  1  Unsuitable] 

Factor  4. 

Aeration 

Soil  structure 
(in  rooting 
zone) 

Granular,  porous; 
structureless, 
single-grained 
if  sandy,  massive 
if  loamy  or  silty 

is] 

Prismatic; 
blocky 

[4] 

Massive  (if 
clayey);  platy 

[0] 

Swampiness 

Wet  in  winter 
only 

[8] 

Wet  January-July 

[4] 

Waterlogged  all 
year 

[Unsuitable] 

•    Mottling 

None  to  18    depth 

None  to  8    depth 

Mottled  to 

[8] 


I4| 


surface  or  gray 
mineral  soil 

1-2] 


Soil  color 

(in  rooting  zone) 


Black,  brown,  red 

[7| 


Yellow, 
brownish-gray 

[4] 


Gray 


12">  feet  at  50  years  maximum  S.I.;  70  feet  minimum  acceptable  S.I. 
-Each  bracketed  number  indicates  the  site  quality  rating  (SQR  )  of  a  particular  soil-site 
:  condition. 

'If  the  soil  is  a  sand  or  loamy  sand,  then  |-10|. 
'If  cultural  practices  included  annual  fertilization,  then  |4|. 
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Table  5.  —  Site 

Eva 

ua 

'ion 

Guide  for  NUTTALL  OAK* 

Soil-site 

Soil-site  condition  and  relative  quality 

property 

Best                              Medium                              Poor 

Factor  1.  Physical  condition 

Soil  depth  and 
presence  of 
artificial  or 
inherent  pan 


Deep  soil  (  >  4 
feet);  without 
pan 

[8]2 


Medium  depth 
(2-4  feet),  or 
a  soil  with  a 
plowpan 

[5] 


Shallow  soil 
(<  2  feet),  or  a 
soil  with  an 
inherent  pan 
[-31 


Texture 
(in  rooting 
zone) 


Medium-textured ; 
silty  or  loamy 

[2] 


Coarse- textured ; 
sandy 

[1] 


Fine-textured; 
clayey 

[-1] 


Compaction 
(in  surface 
foot) 


No  compaction; 
loose,  porous, 
friable,  bulk 
density  <  1.4 
g/cc 

[6] 


Moderately  com- 
pacted; firm, 
moderately  tight, 
bulk  density 
1.4-1.7  g/cc 
[3] 


Strongly  com- 
pacted; tight, 
bulk  density 
>  1.7  g/cc 

[0] 


Structure 
(in  rooting 
zone) 


Granular; 
structureless, 
single-grained  if 
sandy,  massive 
if  loamy  or  silty 
[3] 


Prismatic; 
blocky 


[2] 


Massive  (if 
clayey);  platy 


[0] 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin 
forest  cover 


[5] 


Moderate  culti- 
vation; cultiva- 
ted <  20  years, 
or  open  with 
grass  cover 
[3] 


Intensive  culti- 
vation; cultiva- 
ted >  20  years, 
or  open  and  bare 

[1] 


Continued 
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)le  5.  —  Site  Evaluation  Guide  for  NUTTALL  OAK  (con't) 


Soil-site 

Soil-site  condition  and  relative  quality' 

property 

Best                                Medium                                Poor 

Factor  2.  Moisture  availability  during  growing  season 

Water  table 
depth 

2-6'                                    1-2';  7-10'                       <  1 '  [unsuitable]; 
[9]                                      [61                           10'      [0]3 

Artificial  or 
inherent  pans 


No  pans 


[9] 


Plowpan 


[4] 


Inherent  pan 


[-2] 


Topographic 
position 


Floodplain  or 
stream  bottom 
18) 


Stream  terraces 
or  lower  slopes 

[51 


Upland 


Microsite 


Concave;  depres- 
sion, pocket, 
trough 

[4] 


Level;  flat 


[2] 


Convex;  ridge, 
mound 

[0] 


Structure 
( in  rooting 
zone) 


Granular; 
structureless, 
massive  (if  silty. 
loamy,  or  clayey); 
stratified 
[2] 


Prismatic; 
blockv 


Structureless, 
single-grained 
if  sandy;  platy 


[01 


Texture 
(in  rooting 
zone) 


Silty  or  loamy, 
(or  stratified) 

[2] 


Clayey 


.1] 


Sandy 


[0] 


Flooding 


Winter  through 
spring 

[61 


Winter  only 

[31 


None    [0J 
continuous 
[unsuitable! 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


[2| 


Moderate  culti- 
vation; culti- 
vated <  10  years 
or  open  with 
grass  cover 
HI 


Intensive  culti- 
vation; culti- 
vated    •  10 
years  or  open 
and  bare 
[01 


Continued 
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Table  5.  - 

Site  Eva 

ua 

tion 

Guide 

for  NUTTALL  OAK  (con't) 

Soil-site 

Soil-site  condition  and  relative  quality 

property 

Best 

Medium                              Poor 

Factor 

3.  Nutrient  availability 

Geologic 
source 


Mississippi  River, 

Loess,  Blackland 

[3] 


Mixed  Coastal 
Plain  and  other 
[1] 


Coastal  Plain 


-1] 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin 
forest  cover, 
cultivated 
<  5  years 
[6] 


Moderate  culti- 
vation; culti- 
vated 5-10  years, 
or  open  with 
grass 

[3]< 


Intensive  culti- 
vation; culti- 
vated >  10 
years,  or  open 
and  bare 
[014 


Organic  matter 
( A-horizon) 


>  2% 


1-2% 


<  1% 


[0] 


Depth  of 

topsoil 

(A-horizon) 


>  6"  or  no  profile 
development 
[6] 


3-6" 


<3" 


-3] 


Soil  age 

Young,  no  profile 

Medium,  moderate 

Old,  well- 

development 

profile 

developed  profile, 

(Entisols) 

development 

leached  (Alfisols; 

( Inceptisols) 

Ultisols) 

[31 

[1] 

[-1] 

pH  (in  rooting 

4.5-5.5 

5.6-7.5  or  4.0-4.4 

<  4.0       [-2] 

zone) 

>  7,5  I  Unsuitable! 

161 

[4] 

Factor  4. 

Aeration 

Soil  structure 

Granular,  porous; 

Prismatic; 

Massive  (if 

(in  rooting 

structureless. 

blocky 

clayey);  platy 

zone) 

single-grained 
if  sandy,  massive 
if  loamy  or  silty 

[7] 

[5] 

[0] 

Swampiness 

Wet  in  winter 

Wet  January-July 

Waterlogged  all 

only 

year 

[7] 

[5] 

[Unsuitable] 

Mottling 

None  to  18"  depth 

None  to  8    depth 

Mottled  to 
surface  or  gray 
mineral  soil 

[5] 

[3] 

[1] 

Soil  color 

Black,  brown,  red 

Yellow, 

Gray 

(in  rooting  zone) 

brownish-gray 

[5] 

[2] 

[0] 

1  120  feet  at  50  years  maximum  S.I.;  75  feet  minimum  acceptable  S.I. 

2 Each  bracketed  number  indicates  the  site  quality  rating  (SQR)  of  a  particular  soil-site 

condition. 
3If  the  soil  is  a  sand  or  loamy  sand,  then  [-10]. 
4  If  cultural  practices  included  annual  fertilization,  then  [4], 
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ble  6. 

Site 

Eva 

ua 

tion 

Guide  for 

SHUMARU  OAK> 

Soil-site 

Soil-site  condition  and  relat 

ve 

.  j  1 1 .  i 

itsy 

property 

Besl 

Medium 

1' 

Factor  1 

Physical  condition 

Soil  depth  and 
presence  of 
artificial  or 
inherent  pan 


Deep  soil  I        \ 
feet);  without 
pan 

[612 


Medium  depth 
I  L'  1  feet ).  or  a 
soil  with  a 
plowpan 

|4| 


Shallow  soil 
I        2  feet  ).  or  a 
soil  with  an 
inherent  pan 


Texture  (in  rooti 
zone) 


ng        Medium-textured; 
silty  or  loamy 

151 


Coarse-textured ; 
sandy 

[3| 


Fine-textured; 
clayey 

111 


Compaction 
(in  surface  foot) 


No  compaction; 
loose,  porous, 
friable,  bulk 
density  <     1.4 
g/cc 

161 


Moderately  com- 
pacted; firm, 
moderately  tight. 
bulk  density 
1.4-1.7  g/cc 
141 


Strongly  com- 
pacted, tight, 
bulk  density 
>   1.7  g,'cc 

[-2] 


Structure 
(in  rooting 

/one ) 


Granular; 
structureless, 
single-grained  if 
sandy,  massive  if 
loamy  or  silty 
[6| 


Prismatic; 
blocky 


II 


Massive  (if 
clayey );  platy 


[01 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


Moderate  culti- 
vation; cultiva- 
ted <  20  years, 
or  open  with 
grass  cover 
|4| 


Intensive  culti- 
vation; cultiva- 
ted 20  years, 
or  open  and  bare 

111 


Continued 
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Table  6.  —  Site  Evaluation  Guide  for 

SHUMARD  OAK  (con't) 

Soil-site                                                   Soil-site 

condition  and  relative 

quality 

property                                         Best 

Medium 

Poor 

Factor  2.  Moisture  availabil 

ty  during  growing  season 

Water  table                      2-6' 
depth                                                 |5] 

1-2';  7-10' 
[2] 

<  l'  [unsuitable]; 
>  10'     [0]3 

Artificial  or                      No  pans 
inherent  pans                                 [5] 

Plowpan 

[2] 

Inherent  pan 

[-1] 

Topographic 
position 


Floodplain  or 
stream  bottom 
[5] 


Stream  terraces 
or  lower  slopes 
[3] 


Upland 


[0] 


Microsite 


Concave;  depres- 
sion, pocket, 
trough 

[2] 


Level;  flat 


III 


Convex;  ridge, 
mound 

[0] 


Structure 

(in  rooting  zone) 


Granular; 
blocky ;  struc- 
tureless; mass- 
ive (if  silty, 
loamy,  or  clayey); 
stratified 
[4] 


Prismatic; 
platy 


[2] 


Structureless; 
single-grained 
if  sandy 


10] 


Texture 

(in  rooting  zone) 


Silty  or  loamy, 
(or  stratified  ) 

(41 


Clayey 


[2] 


Sandy 


(0! 


Flooding 


Winter  through 
spring 

[5] 


Winter  only 
[2] 


None      ( 1  ] 

Continuous 

(Unsuitable] 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


Moderate  culti- 
vation; culti- 
vated <  10  years 
or  open  with 
grass  cover 
HI 


Intensive  culti- 
vation; culti- 
vated >  10  years 
or  open  and 
bare 

10] 


Continued 
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Table  6.  - 

Site 

Eva 

ua 

tion 

Ouide  for 

SHUMARD  OAK  (con 

t) 

Soil-site 

Soil-site  condition  and  rel 

ative 

quaM 

ty 

property 

Best 

Medium 

Poor 

Factor  3. 

Nutrient  availability 

Geologic 

source 


Mississippi  River, 
Loess,  Blackland 

[41 


Mixed  Coastal 
Plain  and  other 

12] 


Coastal  Plain 


II 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin 
forest  cover, 
cultivated 
5  years 
[6] 


Moderate  culti- 
vation; culti- 
vated 5-1(1  years, 
or  open  with 
grass 

[41« 


Intensive  culti 
vation;  culti- 
vated       10 

years,  or  open 
and  bare 

I2H 


Organic  matter 
( A-horizon) 


'J', 


L-291 


r 


[5] 


[3] 


Depth  of 
topsoil 

(A-horizon ) 


Soil  age 


pH  (in  rooting 
zone) 


'6    or  no  profile 
development 
[61 


3-6' 


[31 


1-41 


Young,  no  profile 
development 
( Entisols) 

I3| 


Medium,  moderate 
profile 

development 
( Inceptisols) 

[21 


4.5-5.5 


I5| 


5.6-7.5  or 

4.0  -4.4 

[3] 


Old.  well- 
developed  pro- 
file, leached 
(Alfisols;  Ultisols) 

11] 


■     4.0     |-2] 

7.5    [Unsuitable] 


Continued 
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Table  6. 

— 

Site 

Evalua 

lion 

G 

uide  for  SHUMARD  OAK  (con't) 

Soil-s 

te 

■ty 

Soil- 

site  condition  and  relative 

qua] 

ity 

prope 

Best 

Medium 

Poor 

Factor 

4.  Aeration 

Soil  structure 

Granular,  porous; 

Prismatic; 

Massive  (if 

(in  rooting 

structureless, 

blocky 

clayey);  platy 

zone) 

single-grained  if 
sandy,  massive  if 
loamy  or  silty 

[7| 

[3] 

[1] 

Swampiness 

Wet  in  winter 

Wet  January-July 

Waterlogged  all 

only 

year 

[7] 

(3] 

(Unsuitable] 

Mottling 


None  to  18"  depth       None  to  8"  depth  Mottled  to 

surface  or  gray 
mineral  soil 
181  [4|  [-11 


Soil  color  Black,  brown,  red         Yellow. 

(in  rooting  zone)  brownish-gray 

[8]  [4] 


Grav 


[-11 


1 120  feet  at  50  years  maximum  S.I.;  70  feet  minimum  acceptable  S.I. 
-  Each  bracketed  number  indicates  the  site  quality  rating  ( SQR )  of  a  particular  soil-site 
condition. 

3  If  the  soil  is  sand  or  loamy  sand,  then  |-5|. 

4  If  cultural  practices  included  annual  fertilization,  then  [5). 
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ble  7.  - 

Site 

Eva 

ua 

lion 

(hade  for  SWAMP  CHESTNUT  OAK' 

k 

Soil-site 

Soil-site  condition  mid  relative  c| 

uality 

property 

Uesi 

Medium 

Poor 

Factor 

1.  Physical  condition 

Soil  depth  and 
presence  oi 
artificial  or 
inherent  pan 


Deep  soil  (       1 
feet  I;  w  it hout 
pan 

[8]2 


Medium  depth 
(  2-1  feet ).  or  a 
soil  with  a 
plow  pan 


Shallow   soil 
I       2  feel  I,  or  a 
soil  with  an 
inherent  pan 
[-11 


Texture  (in  rooting 
zone) 


Medium-textured: 
silty  or  loamy 
[4] 


Coarse-textured ; 
sandy 

[2| 


Fine-textured; 
clayey 

111 


Compaction 
(in  surface  foot ) 


No  compaction; 
loose,  porous, 
friable,  bulk 
density  <   1.4 

g/cc 

I5| 


Moderately  com- 
pacted; firm, 
moderately  tight, 
bulk  density 
1.4-1.7  g/cc 
[3] 


Strongly  com- 
pact ed,  tight, 
bulk  density 
>  1.7  g/cc 

1-11 


Structure 
(in  rooting 
zone) 


Granular; 

structureless, 
single-grained  if 
sandy,  massive  if 
loamy  or  silty 
151 


Prismatic; 

blocky 


(3] 


Massive  (if 
clayey );  plat  v 


I'M 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


[6] 


Moderate  culti- 
vation; cultiva- 
ted <  20  years, 
or  open  with 
grass  cover 
131 


Intensive  culti- 
vation; cultiva- 
ted '  20  years, 
or  open  and  bare 

10] 


Continued 
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Table  7.  —  Site  Evaluation  Guide  for  SWAMP  CHESTNUT  OAK  (con't) 


Si  ill -site 


Soil-site  condition  and  relative  quality 


property 

Best 

Medium 

Poor 

Factor 

2.  Moisture  avai 

abil 

ty  during  growin 

K 

season 

Water  table 
depth 

2-6' 

141 

1-2';  7-10' 

[31 

1     [unsuitable]; 
>  10'    [-IP 

Artificial  or 
inherent  pans 

No  pans 

in 

Plowpan 

[3| 

Inherent  pan 
[-2] 

Topographic 
position 


Floodplain  or 
stream  bottom 
[61 


Stream  terraces 
or  lower  slopes 
[41 


Upland 


[-11 


Microsite 


Concave;  depres- 
sion, pocket, 
trough 

[2] 


Level;  flat 


Convex;  ridge, 
mound 

[0] 


Structure 

(in  rooting  zone) 


Granular; 
blocky ;  struc- 
tureless; mass- 
ive (if  silty, 
loamy,  or  clayey); 
stratified 
[4] 


Prismatic; 
platy 


Structureless; 
single-grained 
if  sandv 


101 


Texture 

(in  rooting  zone) 


Silty  or  loamy, 
(or  stratified ) 
[31 


Clayey 


1 


Sandv 


-1] 


Flooding 


Winter  through 
spring 

[3| 


Winter  only 
[2| 


None      |0 1 
Continuous 
[Unsuitable  | 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


[31 


Moderate  culti- 
vation; culti- 
vated <  10  years 
or  open  with 
grass  cover 
111 


Intensive  culti- 
vation; culti- 
vated >  10  years 
or  open  and 
bare 

[-11 


Continued 
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ible  7.  —  Site  Evaluation  Guide  for  SWAMP  CHESTNUT  OAK  (con't) 


Soil-site 
property 


Soil-site  condition  and  relative  quality 


Best 


Medium 


Poor 


Factor  3.  Nutrient  availability 


Geologic 
source 


Mississippi  River, 
Loess,  Blackland 

[3] 


Mixed  Coastal 
Plain  and  other 

HI 


Coastal  Plain 


[0] 


Past  use  and 
present  cover 


Depth  of 

topsoil 

(A-horizon) 


Undisturbed; 
near-virgin 
forest  cover, 
cultivated 
<  5  years 


Moderate  culti- 
vation; culti- 
vated 5-10  years, 
or  open  with 
grass 


>6    or  no  profile 
development 

[5] 


3-6 


[2] 


Intensive  culti- 
vation; culti- 
vated >  10 
years,  or  open 
and  bare 


[5] 

[3]< 

[1]" 

Organic  matter 
(A-horizon) 

>  2% 

[4] 

1-2% 

[2| 

<  1% 

10] 

<3" 


-3] 


Soil  age 


Young,  no  profile 
development 

(Entisols) 


Medium,  moderate 
profile 

development 
( Inceptisols) 

111 


Old,  well- 
developed  pro- 
file, leached 
(Alfisols;  Ultisols) 
I0| 


pH  (in  rooting 
zone) 


4.5-5.5 


5.5-7.5  or 
4.0-4.4 


<4.0      [-2] 

>  7.5    [Unsuitable] 


[5| 


[3] 


Continued 
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Table  7.  - 

Site 

Evalua 

tion 

G 

tide  for  SWAMP  CHESTNUT  OAK  (con't) 

Soil-site 

Soil-site  condition  and 

relative  quality 

property 

Best 

Medium 

Poor 

Factor  4.  Aeration 

Soil  structure 

Granular,  porous; 

Prismatic; 

Massive  (if 

(in  rooting 

structureless. 

blocky 

clayey);  platy 

zone) 

single-grained  if 
sandy,  massive  if 
loamy  or  silty 

[6] 

[4] 

[2] 

Swampiness 

Wet  in  winter 

Wet  January-July 

Waterlogged  all 

only 

year 

[6] 

[41 

[Unsuitable] 

Mottling 

None  to  18"  depth 

None  to  8"  depth 

Mottled  to 
surface  or  gray 
mineral  soil 

17] 

141 

10] 

Soil  color 

Black,  brown,  red 

Yellow, 

Gray 

(in  rooting  zone) 

brownish-gray 

17] 

[31 

1-11 

1  110  feet  at  50  years  maximum  S.I.;  65  feet  minimum  acceptable  S.I. 

2  Each  bracketed  number  indicates  the  site  quality  rating  (SQR)  of  a  particular  soil-site 
condition. 

3  If  the  soil  is  sand  or  loamy  sand,  then  |-5]. 

4  If  cultural  practices  included  annual  fertilization,  then  [5]. 
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Table  8.  - 

Site  Evalua 

Hon 

Guide 

for  WATER  OAK  and 

WILLOW  OAK* 

Soil-site 

Soil-site  condition  and 

relative  quality 

property 

Best 

Medium 

Poor 

Facto 

r  1.  Physical  condition 

Soil  depth  and 
presence  of 
artificial  or 
inherent  pan 


Deep  soil  (  >  4 
feet);  without 
pan 


Medium  depth 
(2-4  feet),  or  a 
soil  with  a 
plowpan 


Shallow  soil 
(      2  feet i.  or  a 
soil  with  an 
inherent  pan 


16)2 

[4| 

1-21 

Texture  (in  rooting 

Medium-textured; 

Coarse- textured; 

Fine-textured; 

zone) 

silty  or  loamy 

sandy 

clavev 

[4] 

[2] 

[11 

Compaction 

No  compaction; 

Moderately  com- 

Strongly com- 

(in surface  foot) 

loose,  porous, 

pacted;  firm, 

pacted,  tight, 

friable,  bulk 

moderately  tight 

bulk  density 

density  <  1.4 

bulk  density 

1.7  g/cc 

g/cc 

1.4-1.7  g/cc 

(61 

[4] 

1-2] 

Structure 

Granular; 

Prismatic; 

Massive  (if 

(in  rooting 

structureless, 

blocky 

clayey );  platy 

zone) 

single-grained  if 
sandy,  massive  if 
loamy  or  silty 

[61 

[4] 

[0] 

Past  use  and 

Undisturbed; 

Moderate  culti- 

Intensive culti- 

present cover 

near-virgin. 

vation;  cultiva- 

vation; cultiva- 

forest cover 

ted  <  20  years. 

ted  >  20  years. 

or  open  with 
grass  cover 

or  open  and  bare 

[7] 

[4] 

[1] 

Cont 

nued 

1990 
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Table  8.  - 

Site 

Evaluation  Guide  for 

WATER  OAK  and  WILLOW  OAK  (con 

t) 

Soil-site 

Soil-site  condition  and  relative  quality 

property 

Best 

Medium                              Poor 

Factor  2. 

Moisture  availability  during  growing  season 

Water  table 
depth 


2-6 


1-2  ;  7-10 


151 


[2| 


<  1    (unsuitable); 
>  10' 

[-3]3 


Artificial  or 
inherent  pans 


No  pans 


Plowpan 


[5] 


[21 


Inherent  pan 

[-2] 


Topographic 
position 


Floodplain  or 
stream  bottom 

[5) 


Stream  terraces 
or  lower  slopes 

[31 


Upland 


[01 


Microsite 


Past  use  and 
present  cover 


Concave;  depres- 
sion, pocket, 
trough 

[2| 


Level;  flat 


l! 


Undisturbed; 
near-virgin, 
forest  cover 


|2| 


Moderate  culti- 
vation; culti- 
vated <  10  years 
or  open  with 
grass  cover 
111 


Convex;  ridge, 
mound 


Structure 

Granular; 

Prismatic; 

Structureless; 

(in  rooting  zone) 

structureless, 

platy 

single-grained 

massive  (if  silty, 

if  sandy;  platy 

loamy,  or  clayey); 

stratified 

[51 

J51 

[31 

Texture 

Silty  or  loamy, 

Clayey 

Sandy 

(in  rooting  zone) 

(or  stratified ) 

151 

[31 

[01 

Flooding 

Winter  through 

Winter  only 

None      (-11; 

spring 

Continuous 

[51 

[31 

[unsuitable! 

Intensive  culti- 
vation; culti- 
vated >  10  years 
or  open  and 
bare 

[0] 


s 

ll 
1' 


Continued 


S 
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Table  8.  - 

Site  Evalua 

lion 

Guide  for  WATER  OAK  and  WILLOW  OAK  (con 

't) 

Soil-site 

Soil-site  condition  and  relative  qua] 

ity 

1    property 

Best 

Medium 

I  ■(  ii  ii 

Factor  .'5. 

Nutrient  availability 

Geologic 

source 


Mississippi  River, 
Loess,  Blackland 

12] 


Mixed  Coastal 
Plain  and  other 

111 


Coastal  Plain 


10  1 


Past  use  and 
present  cover 


Organic  matter 
( A-horizon ) 


Undisturbed: 
near-virgin 
forest  cover, 
cultivated 
5  years 
151 


Moderate  culti- 
vation; culti- 
vated 5-10  years, 
or  open  with 
grass 

13  H 


Intensive  culti- 
\  .it  ion;  culti- 
vated       10 
sears,  or  open 
and  bare 

ii  h 


2'  I 


1-2% 


1% 


|4| 


Depth  of 

topsoil 

I  A-horizon) 


'6    or  no  profile 
development 
[5] 


3-6' 


3 


121 


Soil  age 


Young,  no  profile 

development 

(Entisols) 

I2| 


Medium,  moderate  Old.  well- 
profile  developed  pro- 
development  tile,  leached 
(Inceptisols)  (Alfisols;  Ultisols) 

HI  10] 


pH  (in  rooting 
zone) 


4.5-5.5 


I5| 


5.6-7.5  or 
4.0-4.4 

131 


4.0      1-21 
•  7.5  I  Unsuitable  | 


Factor  4.  Aeration 


Soil  structure 
(in  rooting 
zone  I 


Granular,  porous; 
structureless, 
single-grained  if 
sandy,  massive  if 
loamy  or  silty 
I7| 


Prismatic; 
blockv 


Massive  (if 
clayey  I;  platy 


|0| 


Swampiness 


Wet  in  winter  Wei  January-July        Waterlogged  all 

only  year 

|8|  |4|  [Unsuitable! 


Mottling 


None  to  18"  depth         None  to  8"  depth  Mottled  to 

surface  or  gray 
mineral  soil 
171  151  1-21 


Soil  color 

(in  rooting  /one  I 


Black,  brown,  red 

171 


Yellow, 
brownish-gray 

I  5| 


Grav 


-21 


115  feet  at  50  years  maximum  S.I.:  70  feet  minimum  acceptable  S.I. 
||ach  bracketed  number  indicates  the  site  quality  rating  (SQR)of  a  particular  soil-site 
mdition. 

the  soil  is  sand  or  loamy  sand,  then  |-10|. 

cultural  practices  included  annual  fertilization,  then  |  1  |. 
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Table  9.  - 

Site 

Evaluation 

G 

ude  for  PECAN^ 

Soil-site 

Soil-site  condition  and  relative  quality 

property 

Best                              Medium                              Poor 

Factor  1.  Physical  condition 


Soil  depth  and 
presence  of 
artificial  or 
inherent  pan 


Deep  soil  (  >  4 
feet);  without 
pan 

[6p 


Medium  depth 
(2-4  feet),  or  a 
soil  with  a 
plowpan 

14] 


Shallow  soil 
(<  2  feet),  or  a 
soil  with  an 
inherent  pan 
[-2] 


Texture  (in  rooting 

Medium-textured ; 

Coarse-textured ; 

Fine-textured; 

zone) 

silty  or  loamy 

sandy 

clayey 

[5] 

[4] 

11] 

Compaction 

No  compaction; 

Moderately  com- 

Strongly com- 

(in surface  foot) 

loose,  porous, 

pacted;  firm. 

pacted;  tight. 

friable,  bulk 

moderately  tight. 

bulk  density 

density  <    1.4 

bulk  density 

>   1.7  g/cc 

g/cc 

1.4-1.7  g/cc 

[6] 

111 

[-2] 

Structure 
(in  rooting 
zone) 


Granular; 
structureless, 
single-grained  if 
sandy,  massive  if 
loamy  or  silty 
[4] 


Prismatic; 
blocky 


13] 


Massive  (if 
clayey);  platy 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


16] 


Moderate  culti- 
vation/, cultiva- 
ted <  20  years, 
or  open  with 
grass  cover 
13] 


Intensive  culti- 
vation; cultiva- 
ted >  20  years, 
or  open  and  bare 

[0] 


Continued 
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)le  9. 


Site  Evaluation  Guide  for  PECAN  Icon't) 


Soil-site 

Soil-site 

condition  and  relative 

quality^ 

j    property 

Best 

Medium 

Poor 

Factor  2.  Moisture  availabil 

ty  during  growing  season 

1   Water  table 

2-6' 

1-2';  7-10 

<  1  '  [unsuitable]; 

I    depth 

[4] 

[2] 

>  10'   1013 

Artificial  or 

No  pans 

Plowpan 

Inherent  pan 

I1   inherent  pans 

15] 

[2] 

|-2| 

Topographic 

Floodplain  or 

Stream  terraces 

Upland 

position 

stream  bottom 

or  lower  slopes 

15] 

13] 

[0] 

•i    Microsite 

Concave;  depres- 

Level; flat 

Convex;  ridge. 

sion,  pocket, 

mound 

trough 

12] 

[1] 

10] 

Structure 

Granular; 

Prismatic; 

Structureless; 

(in  rooting  zone) 

blocky;  struc- 

platy 

single-grained 

tureless;  mass- 

if sandv 

ive  (if  silty. 

loamy,  or  clayey); 

stratified 

14] 

[2] 

[0] 

Texture 

Silty  or  loamy, 

Clayey 

Sandy 

(in  rooting  zone) 

(or  stratified) 

[4] 

I2| 

10] 

Flooding 

Winter  through 

Winter  only 

None      [0] 

spring 

Continuous 

14] 

[2] 

[Unsuitable] 

Past  use  and 

Undisturbed; 

Moderate  culti- 

Intensive culti- 

present cover 

near-virgin. 

vation;  culti- 

vation; culti- 

forest cover 

vated  <  10  years 

vated  >  10  years 

or  open  with 

or  open  and 

grass  cover 

bare 

12] 

[1] 

[0] 

Continued 
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Table  9.  —  Site  Eva 

luation  Guide  for  PECAN  (con't) 

Soil-site 

Soil-site 

condition  and  relative 

quality 

property 

Best 

Medium 

Poor 

Factor  3.  Nutrient 

availability 

Geologic 
source 

Mississippi  River, 
Loess,  Blackland 

[5] 

Mixed  Coastal 
Plain  and  other 
[3] 

Coastal  Plain 

(2| 

Past  use  and 
present  cover 

Undisturbed; 
near-virgin 
forest  cover, 
cultivated 

Moderate  culti- 
vation; culti- 
vated 5-10  years, 
or  open  with 

Intensive  culti- 
vation; culti- 
vated >  10 
years,  or  open 

5  years 
16 1 


grass 

[4]« 


and  bare 

[2]« 


Organic  matter 
( A-horizon ) 


2% 


1-2% 


<  1% 


15] 


[0| 


Depth  of 
topsoil 

( A-horizon ) 


>6    or  no  profile 
development 
[61 


3-6' 


<3" 


[3] 


[-4] 


Soil  age 


Young,  no  profile         Medium,  moderate      Old,  well- 


development 
( Entisols) 

[31 


profile 

development 

(Inceptisols) 

I2| 


developed  pro- 
file, leached 
(Alfisols;  Ultisols) 

HI 


pH  (in  rooting 
zone ) 


5.5-7.5 


4.5-5.5  or 
7.6-8.5 

[5] 


C  4.5  or 
>  8.5 


131 


Factor  4.  Aeration 


Soil  structure 

Granular,  porous; 

Prismatic; 

Massive  (if 

( in  looting 

structureless. 

blocky 

clayey );  platy 

zone) 

single-grained  if 
sandy,  massive  if 
loamy  or  siltv 

151 

[2| 

10) 

Swampiness 

Wet  in  winter 

Wet  January 

-July 

Waterlogged  all 

only 

vear 

[7,1 

13] 

|  Unsuitable]    | 

Mottling 

None  to  18" depth 

None  to  8" 

depth 

Mottled  to 

surface  or  gray 

mineral  soil 

I8| 

[41 

l-ll 

Soil  color 

Black,  brown,  red 

Yellow, 

Gray 

(in  rooting  zone) 

brownish-gray 

I8| 

III 

M 

1  115  feet  at  50  years  maximum  S.I  ;  70  feet  minimum  acceptable  S.I. 
-  Each  bracketed  number  indicates  the  site  quality  rating  (  SQR)  of  a  particular  soil-site 
condition. 

1  If  the  soil  is  sand  or  loamy  sand,  then  [-4  |. 
'If  cultural  practices  included  annual  fertilization,  then  [5]. 
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Table  10.  -  Site  Evaluation  Guide  for  SWEETGUM^ 

Soil-site                                             Soil-site  condition  and  relative  quality 

property                                         Best                              Medium 

'Poor 

Factor  1.  Physical  condition 

Soil  depth  and 
presence  of 
artificial  or 
inherent  pan 


Deep  soil  (  1 
feet);  without 
pan 

[6p 


Medium  depth 

(2-4  feet),  or  a 
soil  with  a 
plowpan 

141 


Shallow  soil 
(<  2  feet),  or  a 
soil  with  an 
inherent  pan 

[-21 


Texture  (in 

rooting 

Medium-textured ; 

Coarse-textured ; 

Fine-textured; 

zone) 

silty  or  loamy 

sandy 

clayey 

141 

12] 

[11 

Compaction 

No  compaction; 

Moderately  com- 

Strongly com- 

(in surface 

foot ) 

loose,  porous, 

pacted;  firm, 

pacted,  tight. 

friable,  bulk 

moderately  tight, 

bulk  density 

density  <    1.4 

bulk  density 

>  1.7  g/cc 

g/cc 

1.4-i.7  g/cc 

161 

III 

[-2] 

Structure 

Granular;  blocky; 

Prismatic; 

Massive  (if 

(in  rooting 

structureless, 

platy 

clayey); 

zone) 

single-grained  if 
sandy,  massive  if 

161 


[01 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


is  I 


Moderate  culti- 
vation; cultiva- 
ted <  20  years, 
or  open  with 
grass  cover 
[5] 


Intensive  culti- 
vation; cultiva- 
ted >  20  years, 
or  open  and  bare 

[21 


Continued 
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Table  10.  —  Site  Evaluation  Guide  for  SWEETGUM  (con't) 


Soil-site 
property 


Soil-site  condition  and  relative  quality 


Best 


Medium 


Poor 


Factor  2.  Moisture  availability  during  growing  season 


Water  table 
depth 


2-6 


1-2  ;  7-10 


(6) 


[3] 


1    [unsuitable]; 
>  10'    (-3  ]3 


Artificial  or 
inherent  pans 


No  pans 
[6] 


Plowpan 


131 


Inherent  pan 

1-3] 


Topographic 
position 


Microsite 


Structure 

(in  rooting  zone) 


Texture 

(in  rooting  zone) 


Floodplain  or 
stream  bottom 
[51 


Stream  terraces 
or  lower  slopes 
131 


Concave;  depres- 
sion, pocket, 
trough 

I2| 


Level;  flat 


Granular;  blocky; 
structureless, 
massive  (if  silty, 
loamy,  or  clayey); 
stratified 
[51 


Prismatic; 
platy 


[3] 


Silty  or  loamy, 
(or  stratified ) 
[5] 


Clayey 


Upland 


1-21 


Convex;  ridge, 
mound 

[-2] 


Structureless, 
single-grained 
if  sandv 


II 


Sandy 


[0] 


Flooding 


Past  use  and 
present  cover 


Winter  through 
spring 

[5] 


Winter  only 


131 


Undisturbed; 
near-virgin, 
forest  cover 


121 


Moderate  culti- 
vation; culti- 
vated <  10  years 
or  open  with 
grass  cover 
111 


None  |0| 
Continuous 
(Unsuitable] 


Intensive  culti 
vation;  culti- 
vated >  10  years 
or  open  and 
bare 

10  I 


Continued 
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fable  10.  —  Site  Evaluation  Guide  for  SWEETGUM  (eon't) 


Soil-site 

Soil-site 

condition  and  relative 

quality 

property 

Best 

Medium 

Poor 

Factor  3.  Nutrient  availability 

Geologic 

Mississippi  River, 

Mixed  Coastal 

Coastal  Plain 

source 

Loess,  Blackland 

Plain  and  other 

[5] 

[4] 

[2] 

Past  use  and 

Undisturbed; 

Moderate  culti- 

Intensive culti- 

present cover 

near-virgin 

vation;  culti- 

vation; culti- 

forest cover. 

vated  5-10  years, 

vated  >  10 

cultivated 

or  open  with 

years,  or  open 

<  5  years 

grass 

and  bare 

[5] 

131' 

[ll4 

Organic  matter 

>  2% 

1-2% 

<  1% 

( A-horizon) 

II 

[2| 

[-2] 

Depth  of 

<i    or  no  profile 

:{-(;" 

<3" 

topsoil 

development 

(A-horizon) 

[51 

[2| 

[-31 

Soil  age 

Young,  no  profile 

Medium,  moderate 

Old.  well- 

development 

profile 

developed  pro- 

(Entisols) 

development 

file,  leached 

( Inceptisols) 

(Alfisols;  Ultisols) 

[41 

[2| 

[0| 

pH  (in  rooting 

5.5-7.5 

4.5-5.5  or 

4.5  or 

zone) 

7.6-8.5 

8.5 

[1] 

10] 

[-11 

Factor  4. 

Aeration 

Soil  structure 

Granular,  porous; 

Prismatic; 

Massive  (if 

(in  rooting 

blocky;  structure- 

platy 

clayey ) 

zone) 

less,  single- 
grained  if  sandy, 
massive  if  loamy 
or  siltv 

[8] 

[4] 

[-2] 

S«  .impiness 

Wet  in  winter 

Wet  January-July 

Waterlogged  all 

only 

year 

[8] 

14] 

llJnsuitablel 

Mi  'i  tling 

None  to  18" depth 

None  to  8"  depth 

Mottled  to 

sin  face  or  gray 
mineral  soil 

[7] 

15] 

(-21 

Soil  color 

Black,  brown,  red 

Yellow. 

Gray 

(in  rooting  zone) 

brownish-gray 

[71 

[41 

1-2] 

I 


20  feet  at  50  years  maximum  S.I.;  75  feet  minimum  acceptable  S. 

lach  bracketed  number  indicates  the  site  quality  rating  (SQR)  of  a  particular  soil-site 

ondition. 

1  the  soil  is  sand  or  loamy  sand,  then  |-10|. 

f  cultural  practices  included  annual  fertilization,  then  |  I  |. 
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Table  11.  —  Site  Evaluation  Guide  for  SYCAMORE^ 


Soil-site 
property 


Soil-site  condition  and  relative  quality 


Best 


Medium 


Poor 


Factor  1.  Physical  condition 


Soil  depth  and 
presence  of 
artificial  or 
inherent  pan 


Deep  soil  ( >  4 
feet);  without 
pan 

[10]2 


Medium  depth 
(2-4  feet),  or  a 
soil  with  a 
plowpan 

[5] 


Shallow  soil 
(<  2  feet),  or  a 
soil  with  an 
inherent  pan 
(-51 


Texture  (in  rooting 
zone) 


Medium-textured; 
silty  or  loamy 
[8] 


Coarse-textured ; 
sandy 

[4] 


Fine-textured; 
clayey 

[0] 


Compaction 
(in  surface  foot) 


No  compaction; 
loose,  porous, 
friable,  bulk 
density  <1.4 
g/cc 

[8] 


Moderately  com- 
pacted; firm, 
moderately  tight, 
bulk  density 
1.4-1.7  g/cc 
[4] 


Strongly  com- 
pacted; tight, 
bulk  density 
>  1.7  g/cc 

[-2] 


Structure 
(in  rooting 


Granular; 
structureless, 
single-grained  if 
sandy,  massive  if 
loamy  or  silty 
[3] 


Prismatic; 
blocky 


fl] 


Massive  (if 
clayey);  platy 


[-3] 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


[31 


Moderate  culti- 
vation; cultiva- 
ted <  20  years, 
or  open  wiih 
grass  cover 
[11 


Intensive  culti- 
vation; cultiva- 
ted >  20  years, 
or  open  and  bare 

[0] 


Continued 
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«dJ. 


able  11.  — 

Site 

Evalua 

ion 

Guide  {or 

SYCAMORE  (con't) 

Soil-site 

Soil-site  condition  and  relative  quality^ 

property 

Best 

Medium                              Poor 

Factor  2.  Moisture  availability  during  growing  season 


Water  table 
depth 


2-6 


1-2  ;  7-10 


[5] 


[2] 


<  1    [unsuitable] 
>  10'    [-5P 


Artificial  or 
inherent  pans 


No  pans 


Plowpan 


[5] 


12  1 


Inherent  pan 

[-51 


Topographic 
position 


Floodplain  or 
stream  bottom 

[2| 


Stream  terraces 
or  lower  slopes 

HI 


Upland 


•21 


Microsite 


Structure 

(in  rooting  zone) 


Concave;  depres- 
sion, pocket, 
trough 

[2| 


Level;  flat 


Granular; 
structureless; 
massive  (if  silty. 
loamy,  or  clayey); 
stratified 
[11 


Prismatic; 
blocky 


10] 


Convex;  ridge, 
mound 


Structureless, 
single-grained 
if  sandy;  platy 


[-1] 


Texture 

(in  rooting  zone) 


Silty  or  loamy, 
(or  stratified) 

HI 


Clayey 


[01 


Sandv 


1-1 


Flooding 


Winter  through 
spring 

[3] 


Winter  only 


[11 


None     |-5]; 
Continuous 
[unsuitable! 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


Moderate  culti- 
vation; culti- 
vated <  10  years 
or  open  with 
grass  cover 
10] 


Intensive  culti- 
vation; culti- 
vated    '  10  years 
or  open  and 
bare 

1-1] 


Continued 
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Table  11.  —  Site  Evaluation  Guide  for  SYCAMORE  (con't) 


Soil-site 
property 


Soil-site  condition  and  relative  quality 


Best 


Medium 


Poor 


Factor  3.  Nutrient  availability 


Geologic 
source 


Mississippi  River. 
Loess,  Blackland 

(121 


Mixed  Coastal 
Plain  and  other 

[8] 


Coastal  Plain 


[31 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin 
forest  cover, 
cultivated 
<  5  years 
[101 


Moderate  culti- 
vation; culti- 
vated 5-10  years, 
or  open  with 
grass 

[6I« 


Intensive  culti- 
vation; culti- 
vated >  10 
years,  or  open 
and  bare 

[2]< 


Organic  matter 
( A-horizon) 


2% 


1-2% 


<  1% 


[6| 


[31 


[0] 


Depth  of 
topsoil 
(A-horizon  I 


>6    or  no  profile 
development 

[61 


3-6' 


<3" 


[2| 


Soil  age 


Young,  no  profile 
development 
( Entisols) 

[4] 


Medium,  moderate  Old,  well- 
profile  developed  pro- 
development  file,  leached 
( Inceptisols)  (Alfisols;  Ultisols) 
[21  [-11 


pH  (in  rooting 
zone) 

5.5-7.5 

[1] 

4.5-5.5  or 
7.6-8.5 

[01 

<  4.5  or 
>8.5 

HI 

Factor  4. 

Aeration 

Soil  structure 
(in  rooting 
zone) 

Granular,  porous; 
structureless, 
single-grained  if 
sandy,  massive  if 
loamy  or  silty) 
[71 

Prismatic; 
blocky 

[41 

Massive  (if 
clayey);  platy 

(-4) 

Swampiness 

Wet  in  winter 
only 

[101 

Wet  January-July 

[81 

Waterlogged  all 
year 

[Unsuitable] 

Mottling 

None  to  18" depth 
[121 

None  to  8    depth 
[101 

Mottled  to 
surface  or  gray 
mineral  soil 
[-51 

Soil  color 

(in  rooting  zone) 

Black,  brown,  red 

[101 

Yellow, 

brownish-gray 
[81 

Gray 

[-51 

.1. 


1 130  feet  at  50  years  maximum  S.I.;  70  feet  minimum  acceptable  S. 

2  Each  bracketed  number  indicates  the  site  quality  rating  (SQR)  of  a  particular  soil-site 
condition. 

3  If  the  soil  is  sand  or  loamy  sand,  then  (-10  |. 
"  If  cultural  practices  included  annual  fertilization,  then  [81. 
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able  12.  -  Site  Evaluation  Guide  for  YELLOW  POPLAR' 

Soil-site                                                   Soil-site  condition  and  relative  qualify 

property                                         Best                              Medium                               1' 

Factor  1.  Physical  condition 

Soil  depth  and 
presence  of 
artificial  or 
inherent  pan 


Deep  soil  (  4 
feet);  without 
pan 

[10]2 


Medium  depth 
(2-4  feet),  or  a 
soil  with  a 
plowpan 

[41 


Shallow  soil 
(<  2  feet),  or  a 
soil  with  an 
inherent  pan 
1-51 


Texture  (in  rooting 
zone) 


Medium-textured ; 

silty  or  loamy 
[12] 


Coarse-textured ; 
sandy 


Fine-textured; 
clayey 

[-21 


Compaction 
(in  surface  foot) 


No  compaction; 
loose,  porous, 
friable,  bulk 
density  1.4 
g/cc 

I8| 


Moderately  com- 
pacted; firm, 
moderately  tight, 
bulk  density 
1.4-1.7  g/cc 
14  | 


Strongly  com- 
pacted; tight, 
bulk  density 
1.7  g/cc 

1-2] 


Structure 
(in  rooting 
zone) 


Granular; 
structureless, 
single-grained  if 
sandy,  massive  if 
loamy  or  silty 
[51 


Prismatic; 
block  v 


Massive  (if 
clayey );  platy 


[01 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin, 
forest  cover 


Moderate  culti- 
vation; cultiva- 
ted       20  years, 
or  open  with 
grass  cover 
[21 


Intensive  culti- 
vation; cultiva- 
ted 20  years, 
or  open  and  bare 

HI 


Continued 
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Table  12.  —  Site  Evaluation  Guide  for  YELLOW  POPLAR  (con't) 


Soil-site 

Soil 

site  condition  and  relative 

quality 

property 

Best 

Medium 

Poor 

Factor 

2.  Moisture  availabil 

ty  during  growing  season 

Water  table 
depth 

2-6' 

[5] 

1-2';  7-10' 
I3| 

<  1    (unsuitable); 
>  10'    (-3P 

Artificial  or 
inherent  pans 

No  pans 

161 

Plowpan 

[3] 

Inherent  pan 

[-5] 

Topographic 
position 

Floodplain  or 
stream  bottom 
[6] 

Stream  terraces 
or  lower  slopes 
[4] 

Upland 

[01 

Microsite 


Structure 

(in  rooting  zone) 


Past  use  and 
present  cover 


Concave;  depres- 
sion, pocket, 
trough 

(3] 


Level;  flat 


[2] 


Convex;  ridge, 
mound 

HI 


Granular;  blocky; 
structureless  ;- 
massive  (if  silty, 
loamy,  or  clayey ); 
stratified 


Prismatic ; 
platy 


Structureless; 
single-grained 
if  sandy 


Undisturbed; 
near-virgin, 
forest  cover 


[3] 


Moderate  culti- 
vation; culti- 
vated <  10  years 
or  open  with 
grass  cover 
12] 


Intensive  culti- 
vation; culti- 
vated >  10  years 
or  open  and 
bare 

10] 


[2) 

in 

10] 

Texture 

(in  rooting  zone) 

Silty  or  loamy, 
(or  stratified) 
12] 

Clayey 

[1] 

Sandy 

[0] 

Flooding 

Winter  through 
spring 

[3] 

Winter  only 

[2] 

None      1-1] 
Continuous 
(Unsuitable] 

Continued 
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ible  12.  — 

Site  Evaluat 

ion  Guide  for  YELLOW  POPLAR  ( 

con 

't) 

Soil-site 

Soil-site  condition  and  rel 

ative  qual 

ity 

property 

Best                              Medium 

Poor 

Factor  3.  Nutrient  availability 

Geologic 
source 


Mississippi  River, 
Loess,  Blackland 

[4] 


Mixed  Coastal 
Plain  and  other 

[3  1 


Coastal  Plain 

[2] 


Past  use  and 
present  cover 


Undisturbed; 
near-virgin 
forest  cover, 
cultivated 
<  5  years 
[4] 


Moderate  culti- 
vation; culti- 
vated 5-10  years, 
or  open  with 
grass 

[2]« 


Intensive  culti- 
vation; culti- 
vated       10 
years,  or  open 
and  bare 
[OH 


Organic  matter 
( A-horizon) 


•j< ; 


1-2% 


<  1% 


[5] 


l.il 


Depth  of 

topsoil 

(A-horizon) 


>6    or  no  profile 
development 

[6] 


3-6" 


<3" 


-2] 


Soil  age 


pH  (in  rooting 
zone) 


Young,  no  profile 

development 

(Entisols) 

[3] 


Medium,  moderate 
profile 

development 
( Inceptisols) 

12] 


4.5-7.5 


7.6-8.5 


[3] 


10  | 


Old,  well- 
developed  pro- 
file, leached 
(Alfisols;  Ultisols) 
[11 
1 . 5  or 
>  8.5 

[-31 


Factor  4.  Aeration 


Soil  structure 
(in  rooting 
zone) 


Granular,  porous; 
structureless 
single-grained  if 
sandy,  massive  if 
loamy  or  silty ) 
[8] 


Prismatic; 
blocky 


Massive  (if 
clayey );  platy 


1-41 


Swampiness 


Wet  in  winter 
only 

[6| 


Wet  January-July 

131 


Waterlogged  all 
year 

|  Unsuitable  | 


Mottling 


None  to  18"  depth        None  to  8"  depth  Mottled  to 

surface  or  gray 
mineral  soil 

181  [4]  [-11 


Soil  color 

Black,  brown,  red 

Yellow, 

Gray 

(in  rooting  zone) 

brownish-gray 

[81 

[4] 

[-11 

125  feet  at  50  years  maximum  S.I.;  70  feet  minimum  acceptable  S.I. 

Each  bracketed  number  indicates  the  site  quality  rating  (SQIl)  of  a  particular  soil-site 

condition. 

;f  the  soil  is  sand  or  loamy  sand,  then  1-5]. 

If  cultural  practices  included  annual  fertilization,  then  [3], 
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APPENDIX 

Explanation  of  Terms 

The  explanation  of  terms  is  for  use  with  tables  1-12.  For  terms  nofe 
defined,  see  Glossary  of  Soil  Science  Terms  (1975)  or  Soil  Survey  Manual 
(1951). 

Compaction:   Any   process  by  which  the  soil  grains  are  rearranged  tocljs 
decrease  void  or  air  spaces  and  bring  them  into  closer  contact  withH 
one   another.    In   most  cases,   the  process  is  caused   by  traffic  om 
other  artificial  means.  Some  clayey,  non-montimorillionitic  soils  are* 
described   as   being   firm   or   tight   in  regard  to  compaction.   This- 
compaction,   resulting  from  a  natural   alinement  of  fine  particles,* 
occurs  because  of  a  lack  of  shrinking  and  swelling. 
Depth   of  Topsoil  or  A-Horizon:  Depth  of  surface  soil  or  depth  to  B-3 
horizon.    Topsoil   depth   can   be  distinguished  by   a  rather  abrupt' 
change  in  soil  color  or  texture.  Topsoil  is  ordinarily  darker  in  color* 
and  coarser  in  texture  than  subsoil. 
Geologic  Source:  Geologic  origin  of  the  soil  or  the  physiographic  areai 
in  which  the  soil  occurs.  Soils  in  the  Mississippi  River,  Loess,  and« 
Blackland  areas  are  generally  high  in  native  fertility.  Coastal  Plain 
soils  are  relatively  low  in  native  fertility  and  have  low  pH  (<  5.5); 
when  mixed  with  other  geologic  sources  that  are  more  fertile,  thej 
usually  have  a  pH  higher  than  5.5. 
Mottling:  Spots  or  blotches  of  different  color  (normally  gray,  yellow,  oi 
light  brown)  interspersed  within  the  dominant  color  of  the  soil.  Mottl 
ing  is  usually  caused  by  poor  internal  drainage  and  poor  aeration. 
Organic   Matter  The  organic   fraction   of  the   soil:  includes  plant  an4t 
animal  residues  at  various  stages  of  decomposition.  Soils  with  high 
organic  matter  content  are  generally  dark  in  color  and  have  visible! 
humus  particles,   while  soils  with  low  organic  matter  content  aw 
light  colored. 
Pans:  Layers  in  the  soil  that  are  strongly  compacted,  hardened,  or  verj 
high  in  clay  content.  Pans  often  restrict  root  penetration  and  vertica^ 
movement  of  soil  water. 

Artificial  Pans  (Plowpans  or  Pressure  Pans)  A  subsurface  soil  layei 
that  is  compacted  as  a  result  of  normal  tillage  operations  on 
other  artificial  means.  These  pans  can  normally  be  detected  ai 
resistance  to  downward  movement  of  a  soil  auger  and  by  the 
tightly  compacted,  dense,  and  often  dry  soil  condition. 
Inherent  or  Genetic  Pans  A  natural  subsurface  soil  layer  that  ii 
harder  or  more  cemented  or  brittle  than  the  soil  above  anc 
below  it.  Often  called  claypan  or  fragipan. 
Soil  Depth:  The  depth  or  thickness  of  soil  that  can  be  easily  permeatec 
by  tree  roots  and  water.  Soil  depth  is  commonly  controlled  by  arti 
ficial  or  inherent  pans,  rock,  or  stagnate  water  tables. 
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Soil  Structure:  The  combination  or  arrangement  of  primary  soil  particles 
in  units  or  aggregations.  These  units  are  often  arranged  in  the  profile 
so  that  they  give  a  distinctive  characteristic  pattern.  Some  common 
classes  of  soil  structure  are:  granular,  blocky,  platy,  prismatic,  and 
structureless  (single-grained  or  massive).  Detailed  descriptions  of 
these  structural  classes  and  how  to  recognize  them  are  given  in  most 
Soils  textbooks. 

Soil  Texture:  The  relative  proportions  of  various  size  groups  of  individual 
soil  particles  in  a  mass  of  soil.  Specifically,  it  refers  to  the  proportions 
of  clay,  silt,  and  sand  below  2  mm  in  diameter. 

Water  Table  Depth:  The  average  depth  to  a  non-stagnant  "true"  water 
table  during  the  growing  season.  Water  table  depth  can  often  be  de- 
termined by  soil  boring  to  free  water  or  by  observing  free  water 
elevations  in  nearby  streams,  lakes,  ponds,  etc.,  in  relation  to  the 
elevation  of  the  site.  For  impervious  (clayey)  soils  or  soils  with  pans, 
the  presence  of  a  perched  water  table  during  the  growing  season  will 
tend  to  improve  available  moisture.  Therefore  for  these  conditions, 
select  the  medium  category  for  moisture  availability  even  though  a 
"true"  water  table  occurs  at  depths  >  10  feet. 


51 


BAKER,  JAMES  B.  and  W.  M.  BROADFOOT. 

1979.  A  practical  field  method  of  site  evaluation  for  com- 
mercially important  southern  hardwoods.  U.S.  Dep.  Agric. 
For.  Serv.  Gen.  Tech.  Rep.  SO-26,  51  p.  South  For.  Exp. 
Stn.,  New  Orleans,  La. 
A  new  method  of  evaluating  sites  for  planted    cottonwood, 
sweetgum,  sycamore,  green  ash,  hackberry,  sugarberry,  pecan, 
yellow   poplar   and   Nuttall,   water,   willow,   swamp  chestnut, 
Shumard  and  cherrybark  oaks  is  presented. 
Additional  keywords:  Site  index,  soil  properties,  Populus  del- 
toides,  Liquidambar  styraciflua,  Platanus  occidentalism  Fraxi- 
nus  pennsylvanica,    Celtis   occidentalis,    C.    laevigata,    Carya 
illinoensis,  Liriodendron  tulipifera,  Q.  nuttallii,  Q.  nigra,  Q.  phellos, 
Q.michauxii,  Q.  shurnardii,  Quercus  falcata  var.  pagodaefolia. 
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Summary 

Forty-six  tree  species  useful  for  shade  and  ornament  in  Puerto  Rico  and  the 
Virgin  Islands  are  described  and  illustrated.  Information  is  also  provided 
about  planting,  maintenance,  and  appropriate  use  of  trees  in  urban  areas 
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Introduction 

e  increasing  urbanization  of  our  society  means  that  more  and  more 
□|>le  are  isolated  from  nature.  Trees  can  help  make  urban  areas  more 
s^ant  and  liveable  by  introducing  diversity,  greenness,  and  beauty  into 
ifherwise  monotonous  scene  of  buildings  and  pavement.  Trees  with 
cjf ul  flowers  or  foliage  add  extra  attractiveness, 
rues  also  affect  the  physical  environment.  In  the  tropics,  where  there  is 
a  round  warmth  and  sunshine,  they  help  reduce  temperatures  by 
Mding  shade  and  by  intercepting,  absorbing,  and  reflecting  solar 
Jition.  Also,  they  function  as  natural  air-conditioners  by  evaporating 
\\  from  their  leaves  through  the  process  of  transpiration.  A  single,  large 
ll/vatered  city  tree  can  transpire  1 00  gallons  (about  380  liters)  of  water  in 
eiay,  producing  the  cooling  effect  of  five  average  room  air-conditioners 
ung  20  hours  a  day.  A  single  tree  standing  alone  will  not  affect  the  overall 
fundings  much,  but  groups  or  belts  of  trees  or  many  trees  scattered 
oghout  a  neighborhood  can  be  quite  effective. 
Tres  may  also  help  reduce  air  pollution.  Leaves  can  absorb  gaseous 
llitants  and  can  physically  trap  particulates  on  their  surfaces,  especially  if 
Ices  are  hairy,  spiny,  or  waxy.  Twigs,  branches,  and  stems  can  also 
9i:ept  particulates.  High  concentrations  of  pollutants  can  damage  and 
9! kill  trees,  although  species  and  even  individuals  within  a  species  vary 
:h;ir  tolerance  of  pollutants.  Trees  that  are  particularly  sensitive  could  be 
9<as  early  warnings  of  high  pollution  levels. 

Tres  and  shrubs  serve  as  screens  to  help  insure  privacy  for  house  and 
rein.  In  properly  designed  belts  they  can  decrease  the  force  of  the  wind 
deduce  noise  levels  from  highways  and  other  sources.  Even  individual 
ev  if  strategically  placed  around  a  house,  can  provide  relief  from  noise 
dfom  annoying  lights  at  night. 

Tres  and  other  vegetation  also  provide  shelter  for  birds  and  other  wi  Idlife 
it  /ould  otherwise  not  be  found  within  the  city.  Patches  and  belts  of 


vegetation  serve  as  access  routes  allowing  wildlife  to  penetrate  into  urbafi 
areas  far  from  their  natural  habitat. 

The  benefits  of  trees  in  urban  settings  are  greatest  when  good  judgment  is 
used  in  their  location,  selection,  and  care.  The  purpose  of  this  booklet  is  to 
inform  urban  dwellers  in  Puerto  Rico  and  the  Virgin  Islands  about  whereto 
plant,  what  species  to  choose,  and  how  to  assure  lasting  benefits  by  good 
tree  care.  Forty-six  of  the  most  desirable  trees  for  this  region  are  reviewed  in 
detail.  Species  included  have  been  limited  to  those  that  are  widely  used  and 
known  to  be  adapted.  Twenty-one  less  suitable  or  less  adaptable  species 
and  their  limitations,  are  mentioned  briefly  in  the  Appendix.  Fruit  trees  have 
not  been  included  unless  they  are  equally  useful  for  shade  or  ornament 
Successful  culture  of  citrus  and  other  trees  for  their  fruit  involves  special 
techniques  beyond  the  scope  of  this  booklet.  If  you  are  interested  in  fruit 
trees,  contact  the  local  office  of  the  Agricultural  Extension  Service. 

Additional  help  on  urban  tree  problems  can  be  obtained  through  the 
Division  of  Forestry  of  the  Puerto  Rico  Department  of  Natural  Resources 
the  Forestry  Program  of  the  Virgin  Islands  Department  of  Agriculture, 
Agricultural  Extension  Service,  and  commercial  nurseries. 


Where  to  Plant 

The  first  thing  to  consider  when  planning  for  trees  in  your  yard  is  the 
amount  of  space  available.  The  size  of  your  lot  and  the  placement  of  the 
house  on  it  limit  the  number  and  size  of  trees  you  can  use.  Figures  1  through 
8  show  some  sample  lots,  house  locations,  and  placement  of  trees. 


Street 


Figure  1 . — Small  lot  with  two  small  trees  in  front, 
larger  one  in  back. 


Figure  2. — Small  lot  with  medium  tree  in  front, 
two  small  ones  in  back. 
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gure  3. — Medium  lot  with  house  toward  front.  Figure  4. — Medium  lot  with  house  toward  back. 
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Figure  5. — Large  lot  with  house  in  center. 
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Figure  6. — Large  lot  with  house  toward  front,  leaving  space  for  large  tree  in  back. 


Figure  7.— Large  lot  with  house  toward  back,  large  tree  in  one  front  come' 


Street 

Figure  8. — Large  lot  with  house  toward  back,  large  tree  between  entrance  walk  and  driveway. 


:t  consider  the  orientation  of  your  house  and  lot.  An  example  is  shown 
gre  9,  although  most  lots  will  not  be  oriented  so  perfectly  to  compass 
cons.  What  are  the  factors  you  want  to  modify?  The  hottest  sun  comes 
lie  southwest  in  the  afternoon,  so  make  sure  the  trees  you  plant  here 
s  ade  your  window,  patio,  or  garden  area.  Of  course,  you  may  also  have 
a:  you  want  to  shade  from  the  morning  sun.  Breezes,  except  in  the 
rir  of  islands,  usually  come  from  the  ocean  in  the  day  and  the  mountains 
lint,  and  you  probably  will  not  want  to  block  these  from  cooling  your 
s  (fig.  10).  However,  you  may  want  trees  to  serve  as  a  screen  or 
dl'eak  for  protection  near  the  ocean,  to  block  out  a  highway  or 
?conable  view,  or  to  provide  privacy  for  family  areas  of  the  garden.  Bear 
lid  also  that  trees  are  the  major  and  most  permanent  features  of  your 
dn,  but  that  you  will  also  have  lawn,  flowers,  ground  covers,  and  shrubs 
icieve  the  overall  effect  you  want. 

>V|rhead  wires,  underground  utilities,  and  the  characteristics  of  the  lot 
If  mit  where  you  can  plant.  Overhead  wires  restrict  the  size  of  the  trees 
:  dn  be  planted  underneath  or  near  them.  Trees  should  not  ordinarily  be 
ltd  near  underground  utilities  because  if  digging  for  repairs  is  needed 
tres  may  be  damaged.  Also,  roots  can  damage  underground  pipes. 
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Figure  9. — Typical  lot  with  compass  directions  and  limiting  factors  indicated. 


Noonday  Sun 


Figure  10.— Tree  on  left  provides  shade  from  afternoon  sun.  Tree  on  right  is  pruned  permitting  breeze  to  pass 
beneath  crown. 


rass,  flowers,  ground  covers,  or  shrubs  in  such  areas.  Confined  areas, 
™as  a  narrow  unpaved  parkway  between  the  sidewalk  and  curb,  are 
lie  only  for  trees  whose  trunk  and  roots  are  not  likely  to  cause  damage. 
i?  1 1  illustrates  some  common  problems  that  should  be  avoided, 
picing  of  trees  is  also  determined  by  size.  Trees  that  will  be  large  at 
Liity  can  be  spaced  closely  for  quick  early  coverage.  As  they  grow 
1  however,  you  will  need  to  thin  out  the  poorer  trees  to  leave  enough 
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Figure  11. — Results  of  poor  planning  in  tree  location. 


Trees  along  property  lines  should  be  located  with  consideration  for  then 
effect  on  neighboring  yards.  If  you  plant  trees  (and  other  vegetation)  closett 
carports  or  driveways,  be  sure  they  will  not  block  the  view  of  drivers  entering 
or  leaving.  Locate  trees  along  the  street  so  they  do  not  interfere  with  street 
lighting,  and  do  not  plant  so  close  to  intersections  that  trees  obscure 
approaching  cross  traffic. 

Planting  trees  can  be  a  community  as  well  as  an  individual  project.  Tree 
can  screen  traffic  along  through  roads  and  limited-access  highways 
directly  bordered  by  trees  in  residential  areas.  The  minimum  setback  fron 
the  roadway  is  prescribed  by  regulations  of  the  Federal  Highway 
Administration  and  local  agencies,  but  within  these  limitations  trees  can 
relieve  monotony  if  long  stretches  are  not  planted  to  only  one  species, 
trees  can  highlight  interesting  features  or  views  by  leading  up  to  or  framinc 
them.  Planting  a  stand  of  flowering  or  ornamental  trees  in  the  open  spaces 
within  cloverleaf  intersections  adds  visual  variety  and  reduces 
maintenance;  smaller  trees  and  shrubs  can  screen  opposing  lanes  oft 
(fig.  12).  Here  again,  regulations  govern  the  minimum  setback  froml 
ramp  pavement,  and  trees  should  not  be  located  where  they  will  conces 
merging  traffic. 
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Figure  12.— One  quarter  of  a  clover-leaf  intersection  planted  with  trees  and  shrubs. 


Dund  public  buildings  and  in  parks  and  plazas  more  and  larger  trees  can 
j;ed  than  fit  around  most  homes.  Trees  can  guide  traffic  to  the  entrance, 
Sim  the  parking  area  and  part  of  the  building,  and  provide  framing  and 
neaping  (fig.  13).  In  parks  and  plazas,  trees  can  create  a  restful, 
iilry-like  atmosphere  in  the  midst  of  the  city, 
res  can  also  be  used  to  form  greenbelts  along  streams  or  between 
visions,  to  provide  shelter  for  wildlife,  and  to  bring  the  feeling  of  the 
t  into  the  urban  area.  They  could  be  used,  within  the  limitations  of  air 
f;  rules,  as  multi-row  belts  around  the  edges  of  airports  to  screen  the 

noise  and  movement  of  aircraft  from 
the  surrounding  neighborhoods  (fig. 

'S^&fcffcfP  ^  £8       14)-  And  they  can  be  used  in  beacn 

Cl  r\  _  areas  to  provide  protection  from  wind 

and  salt  spray,  to  furnish  shade  and 
relief  from  glare  for  beachgoers,  and 
to  create  the  tropical  effect  so 
commonly  associated  with  Puerto 
Rico  and  the  Virgin  Islands. 


Figure  13. — Use  of  trees  around  public  building. 


Figure  14 — This  belt  of  casuarina  planted 
beyond  edge  of  airstrip  screens  adjacent  area 
from  air  traffic. 


What  to  Plant 

Once  you  have  decided  where  you  want  your  trees,  you  need  to  conside 
the  reason  for  planting  each  one.  Is  it  for  shade,  screening,  to  frame  \k 
house  or  set  off  a  view,  to  provide  color  with  a  flowering  tree,  or  simplyto 
have  something  green?  The  same  tree  can  serve  more  than  one  function 
but  be  sure  that  the  species  you  select  will  fulfill  your  purpose. 

The  adaptability  of  the  species  is  a  first  consideration.  Some  species  will 
grow  well  under  widely  varying  conditions,  but  others  do  best  only  unde 
specialized  conditions.  For  example,  some  will  grow  in  dry  areas,  or  on  rock 
or  sandy  soil;  others,  however,  need  good  soil  with  adequate  moisture  art 
good  drainage.  Conditions  can  be  modified,  such  as  by  supplying  extra 
water  or  fertilizer,  but  planting  a  species  adapted  to  your  situation  in  thef 
place  is  easier.  Also  some  conditions  such  as  poor  drainage  or  salt  spray 
close  to  the  ocean  may  be  expensive  or  impossible  to  modify. 

The  ultimate  size  and  growth  habit  must  also  be  considered.  The  mate 
size  of  the  tree  should  fit  its  location.  A  species  with  a  large  spreading  crown 
should  not  be  planted  where  it  will  interfere  with  overhead  wires  or  nearbf 
buildings  (fig.  1 5).  If  it  cannot  be  given  enough  room,  smaller  species  should 
be  chosen.  The  type  of  foliage  influences  other  vegetation  to  be  planted 
beneath  the  tree,  because  many  grasses,  flowers,  and  shrubs  will  not  gr 
well  under  trees  with  dense  evergreen  crowns.  The  tree  species  planted i 
the  underplanting  should  be  compatible.  If  a  lawn  or  other  shade-intolerarl 
vegetation  is  desired,  use  trees  that  cast  only  light  shade.  Or  if  a 
dense-crowned  tree  is  planted,  use  a  shade-tolerant  ground  cover. 

You  should  also  consider  the  tree's  rooting  habit.  All  trees  have  some 
roots  near  the  surface,  where  most  nutrients  are  available.  But  in  some 
species  these  roots  grow  quite  large  on  the  surface  of  the  ground  and  ma;; 


Figure  15. — Tree  on  left,  although  apparently  with  adequate  room  when  small,  will  be  too  close  to  house  and  wiresas 
matures.  Tree  on  right  has  adequate  room  for  mature  size. 
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ge  sidewalks,  driveways,  other  improvements,  and  even  tne 
i|ations  of  buildings.  If  a  tree  of  this  type  is  planted,  it  should  be  in  a  large 
^A/here  roots  are  free  to  develop  without  interfering  with  structures  or 
alplantings.  Also,  the  roots  of  certain  species  are  known  to  grow  into  and 
jiewer  and  other  water  lines,  so  do  not  plant  these  species  near  storm  or 
i|iry  sewers,  septic  systems,  leach  beds,  or  any  open  water  pipe, 
lltrees  shed  leaves,  fruit,  dead  branches,  and  other  parts  from  time  to 
3|Some  species  shed  gradually,  and  shedding  is  hardly  noticeable.  But 
3b  create  considerable  litter  because  the  leaves  are  large,  because 
>  eaves  fall  in  a  short  time,  or  because  falling  flowers  or  fruits  are  messy. 
n  t  plant  such  trees  around  a  formal  patio  or  other  garden  area  that  must 
kpt  tidy,  or  near  a  swimming  pool.  Also,  trees  that  will  overhang  a 
«jvay  or  other  parking  area  should  not  have  sap  or  fruit  that  stains  cars, 
cjrie  trees  have  thorns  or  spines,  irritating  or  poisonous  sap,  or 
iijnous  fruits,  seeds,  or  leaves.  These  species  should  not  ordinarily  be 
ikl,  especially  where  there  are  small  children,  unless  they  are  planted 
.  jafe  out-of-the-way  place.  For  some  situations  such  species  may  be 
Sfn  because  of  specific  attributes  of  growth  or  appearance,  but  this 
id  be  done  with  full  knowledge  of  the  potential  hazard  they  represent. 
Iijricanes  and  high  winds  must  be  considered  in  the  Caribbean  area.  If 

Jant  species  that  are  particularly  susceptible  to  wind  throw  or 
aage,  place  them  where  their  loss  will  not  cause  any  major  damage, 
i  ee  intended  to  frame  the  house  should  not  be  so  large  that  it 
i|jetely  dwarfs  the  building.  One  planted  to  provide  color  should 
i|!ement  the  overall  decor.  If  you  want  to  set  off  a  view,  plant  species  that 
fame  the  view  but  not  intrude  into  it.  If  the  tree  itself  is  to  be  the  focal 
it  choose  a  species  that  will  draw  attention  because  of  its  shape  or 
adisplay. 

icne  trees  are  most  effective  when  more  than  one  is  used  at  a  time.  For 
role,  casuarina  and  coconut  give  a  maximum  tropical  effect  when 
lid  in  groups  along  the  beach.  And  the  full  stately  effect  of  the  Puerto 
ooyalpalm  is  obtained  when  a  row  of  them  is  planted  along  a  street, 
kor  border.  Planting  of  trees  along  streets  is  usually  most  effective 
snthe  same  species  is  used  along  a  section,  giving  an  impression  of 
eand  planning.  But  planting  large  areas  with  a  single  species  is  risky, 
:slse  an  insect  or  disease  could  cause  catastrophic  losses.  A  possible 
Jton  is  to  plant  the  same  species  along  one  block  of  a  street,  alternating 
1  lore  or  less  equal-length  sections  of  several  to  many  other  species. 
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Establishing  and  Caring  for  Your  Trees 

Selecting  Stock  for  Planting 

Most  readers  probably  will  obtain  their  planting  stock  from  a  nursery. 
Nursery  stock  is  usually  available  either  as  bare-root  or  as  container-grown 
plants.  Bare-root  means  that  the  plant  has  been  dug  up  and  all  the  soil 
removed  from  the  roots  so  it  can  be  handled  and  transported  easily.  Some 
roots  are  destroyed  in  the  process,  and  those  that  remain  must  be  carefully 
protected  from  drying  and  breakage.  Bare-root  plants  are  often  used  for 
large-scale  forest  plantings,  but  not  so  often  for  ornamental  plants  that  are 
individually  more  valuable. 

Container-grown  plants  are  raised  in  cans,  plastic  pots,  polythene  bags 
or  similar  containers.  The  tree  is  carefully  removed  from  the  container  and 
planted  with  the  roots  and  soil  intact.  The  tree  is  not  subjected  to  the  shockoi 
having  its  roots  disturbed  and  removed  from  the  soil,  so  planting  maybe 
more  successful  even  during  dry  weather. 

Many  species  can  be  propagated  vegetatively,  by  producing  a  new  plan: 
from  a  branch  or  root  of  an  existing  one.  Vegetative  propagation  is  the  only 
way  to  reproduce  many  horticultural  varieties  such  as  particular  growth 
forms,  flowering  types,  and  fruit  that  will  not  come  true  from  seed.  Methods 
of  vegetative  propagation  are  shoot  and  root  cuttings,  grafting  and  buddinc 
layering,  and  inarching.  The  usual  method  of  propagation  is  mentioned fc 
each  species  in  the  individual  descriptions.  If  you  are  interested  in  more 
information  on  vegetative  methods,  consult  a  book  such  as  Hartmann  anc 
Kester  (1975). 


Planting 

First,  clear  all  vegetation  in  a  circle  at  least  6  inches  (1 5  cm)  wideron  eacr 
side  than  the  diameter  of  the  planting  hole  you  plan  to  dig.  The  planting  hole 
itself  should  be  about  2  feet  (60  cm)  wider  and  6  inches  (1 5  cm)  deeper  than 
the  root  mass  of  the  tree.  Also  break  up  the  soil  at  the  bottom  of  the  holesc 
roots  can  penetrate  it  more  easily  (fig.  1 6).  Save  the  soil  you  remove  and  mix 
it  with  peatmoss,  compost,  or  other  organic  matter  to  improve  the  texture?' 
the  soil  and  make  it  easier  for  new  roots  to  grow  out  from  the  original  roo; 
mass.  Unless  you  have  heavy  clay  soil,  mix  in  about  one  shovelful  of  organic 
matter  for  each  shovelful  of  soil. 

If  the  soil  in  your  garden  is  heavy,  clayey,  and  sticky,  the  growing  roots  wi! 
have  a  hard  time  penetrating  it  when  they  reach  the  edge  of  the  improved 
soil  in  the  planting  hole.  Also,  water  will  drain  slowly  from  the  loose  soil 
mixture  into  the  heavier  clay,  so  the  soil  in  the  hole  may  become 
waterlogged  if  you  water  too  much.  With  such  soil,  you  should  mix  an  equa 
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Figure  16. — Planting  method  for  bare-root  tree. 

Difit  of  organic  matter  only  for  the  area  immediately  around  the  root 
sa Then  make  a  transition  zone  to  the  heavier  soil  around  the  edge  of  the 
5  jy  filling  with  soil  to  which  you've  added  only  about  one  shovelful  of 
aUc  matter  for  each  three  to  four  shovelfuls  of  soil.  A  larger  planting  hole 
jliialso  give  the  roots  more  good  soil  for  their  initial  growth, 
uenough  of  the  prepared  soil  mixture  into  the  bottom  of  the  hole  to  raise 
rcj)t  mass  so  the  tree  will  be  at  the  same  depth  in  the  ground  as  it  was  in 
cmtainer,  or  in  the  soil  in  the  nursery.  A  straight  stick  or  tool  handle 
:el  across  the  top  of  the  hole  will  make  it  easy  to  determine  the  proper 
tr(fig.  16).  For  a  bare-root  tree,  look  for  a  distinct  color  change  in  the 
<  !>w  on  the  trunk  just  above  the  roots.  This  color  change  marks  the 
ntj  soil  level. 

trj*  tree  is  bare-root,  the  roots  should  be  placed  in  a  pail  of  water  or  kept 
eikl  with  moist  peatmoss  or  other  material  until  the  moment  of  planting. 
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Put  the  central  root  straight  down  through  the  middle  of  the  mound  of  soil  in 
the  hole,  and  carefully  arrange  the  lateral  roots  so  they  are  naturally  spreac 
out  over  the  mound  in  the  hole  (fig.  1 6).  Cut  off  broken  or  damaged  roots  just 
inside  the  break.  Then  fill  in  about  two-thirds  of  the  prepared  soil  mixture 
carefully  distributing  it  around  the  roots.  Thoroughly  soak  the  soil  to 
eliminate  air  pockets  and  get  complete  contact  between  soil  and  roots. 
When  the  water  has  drained  away,  fill  in  the  rest  of  the  soil  and  water  agair 

If  the  tree  is  container-grown,  carefully  remove  the  container  without 
disturbing  the  mass  of  soil  and  roots.  If  the  container  is  tapered  or  has  fluted 
sides,  you  can  probably  loosen  it  by  setting  the  container  on  its  side  anc 
rapping  the  rim  sharply  several  times;  the  root  mass  should  then  slide  out 
easily.  If  not,  or  if  the  container  has  straight  sides,  you  will  have  to  cut  it  apart 
Using  tin  snips  for  cans  or  plastic  pots,  make  two  cuts  down  opposite  sides 
Large  containers  may  need  three  or  four  cuts.  But  be  very  careful  with  cut 
cans  because  the  edges  are  sharp  and  can  inflict  a  serious  cut.  Polythene 
bags  can  be  cut  open  with  a  knife.  When  handling  the  tree  the  root  mass 
should  always  be  supported  with  a  hand  beneath  it  or  holding  the  container 
not  holding  only  the  stem,  because  the  weight  of  the  root  mass  and  growing 
medium  may  damage  or  break  the  stem  or  roots. 

When  the  container  is  removed,  you  may  find  that  the  roots  are  spiralling 
around  the  outside  or  bottom  of  the  root  mass.  If  so,  carefully  tease  them  out 
and  spread  them  in  the  planting  hole,  or  cut  them  back  if  they  are  too 
entangled  to  be  separated.  Otherwise  they  may  continue  their  spiral  growl 
instead  of  spreading  out  into  the  surrounding  soil. 

Once  the  tree  is  out  of  the  container,  place  it  on  the  soil  mound  in  the 
planting  hole  and  fill  in  with  the  rest  of  the  soil  mixture  (fig.  1 7).  Then  packth- 
soil  firmly  around  the  root  mass  to  make  sure  there  are  no  air  pockets,  h 
don't  compact  it  so  hard  that  air  and  water  can't  reach  the  roots.  Finally 
water  well  but  do  not  waterlog  the  soil,  or  you  may  drown  the  roots. 

For  both  bare-root  and  container-grown  trees,  build  up  a  rim  of  soil  arounc 
the  edge  of  the  planting  hole  to  form  a  saucer-shaped  watering  basin  (fie 
1 8).  When  watering,  flood  this  basin  slowly  so  the  water  gradually  saturate 
the  root  zone.  On  clayey  soils  or  in  wet  areas,  you  should  make  a  surface 
drain  through  the  rim  of  this  basin  during  the  wettest  part  of  the  year,  so  the 
water  doesn't  stand  in  the  basin  and  drown  the  roots.  Covering  the  barest 
within  the  basin  with  a  loose  mulch  helps  prevent  it  from  drying  out  rapidly 
and  also  protects  it  from  direct  sun  and  hard  rain. 

For  certain  species,  as  mentioned  in  the  individual  descriptions,  it  is  alsc 
possible  to  dig  up  and  plant  natural  seedlings  (wildlings)  that  have  become 
established  at  the  edge  of  the  forest  or  under  parent  trees.  To  save  anc 
protect  as  much  of  the  root  system  as  possible,  you  must  dig  up  these 
wildlings  carefully.  If  you  can  dig  and  lift  them  with  a  ball  of  earth  around t 
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Figure  17.— Planting  method  for  container  tree 
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Figure  18.— A  tree  correctly  planted. 


roots,  plant  them  like  container  plants;  otherwise,  plant  them  like  bare-r 
plants,  but  do  not  let  the  roots  dry  out  during  handling  and  planting.  Top; 
should  be  pruned  back  to  reduce  water  loss  until  the  roots  become 
reestablished  (see  below).  Wildlings,  however,  are  usually  inferior  to 
nursery-grown  trees  because  they  have  not  been  especially  grown  to 
develop  strong,  transplantable  root  systems. 

Staking 

After  the  tree  has  been  planted,  you  should  stake  it  for  support  and 
protection.  For  small  trees,  a  single  stake  on  the  windward  side  of  the  tree  is 
usually  enough  (fig.  18).  Thread  the  wire  around  the  tree  stem  through  a 
section  of  garden  hose  so  that  it  will  not  damage  the  bark.  At  the  stake,  place 
the  wire  in  a  notch  or  otherwise  fasten  it  so  it  will  not  slide  down  the  sterr 
The  stake  should  not  be  treated  with  preservatives  if  it  is  driven  into  the 
ground  close  to  the  tree's  roots,  because  the  chemicals  may  injure  the  roots 
Instead,  use  either  a  stake  made  from  naturally  durable  wood  or  a  length  c 
pipe.  For  trees  taller  than  about  3  feet  (90  cm),  more  than  one  stake  may  b: 
needed.  A  convenient  system  is  to  use  three  stakes  spaced  equally  arounc 
the  tree  (fig.  1 9).  Adjust  the  support  wires  so  that  the  tree  stem  is  held  uprigb: 
and  tension  is  equal  on  all  three  sides.  Treated  stakes  can  be  used  here 
they  are  driven  into  the  ground  outside  the  area  of  the  planting  hole.  Inspec 
the  hose-enclosed  wires  several  times  a  year  to  make  sure  the  stem  has  no: 
grown  too  large  for  the  loops.  Also,  examine  the  stakes  to  be  sure  they  are 
still  solid,  especially  if  untreated  wood  was  used.  Staking  should  be 
continued  until  the  root  system  is  well  established  and  the  trunk  is  stron: 
enough  to  hold  the  crown  erect. 

If  necessary  for  protection  from  scratching  or  gnawing  animals,  a  cylinde 
of  wire  fencing  or  screening  at  least  2  feet  (60  cm)  in  diameter,  slightly  sun- 
into  the  ground  and  perhaps  supported  by  a  stake,  can  be  placed  around 
the  stem. 

Pruning  Newly  Planted  Stock 

Small  container-grown  trees  usually  do  not  require  pruning  at  planting 
time  unless  they  have  damaged  branches.  But  larger  trees,  and  those 
planted  bare-root,  should  be  pruned  or  have  a  number  of  the  leaves 
removed  just  after  planting.  Pruning  will  reduce  water  consumption  until thi 
root  system  has  reestablished  itself.  Remove  about  one-third  of  the  tree' 
top  growth  or  foliage  by  thinning  out  damaged  and  misshapen  branches anc 
any  that  cross  and  rub  against  each  other,  and  by  cutting  back  others  sue!" 
as  tnose  that  are  unusually  long.  Do  not  cut  back  the  leader  or  terminal  buc 
and  try  to  retain  the  tree's  natural  shape  as  much  as  possible. 
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Top  view  of  3 

equally  spaced 

stakes 


Support  wire  inside  hose 


- —  Treated  stakes 
outside  planting 
hole 


Figure  1 9.— Method  of  staking  tree  over  3  feet  tall. 
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Watering 

For  about  the  first  6  months  the  newly  planted  tree  often  needs  specie 
watering.  During  the  rainy  season,  natural  rainfall  may  be  sufficient,  but 
during  the  dry  season  and  in  drought  periods  extra  water  will  be  needed 
Soak  the  soil  under  the  tree's  crown  once  or  twice  a  week;  trees  adapted tc 
dry  areas  need  less  moisture  than  those  adapted  to  wet  areas.  To  be 
effective,  the  water  must  penetrate  deeply  into  the  soil,  down  to  and  beyono 
the  roots.  Frequent  light  sprinklings  only  moisten  the  surface  and  may  result 
in  shallow  root  development,  which  makes  the  tree  vulnerable  during  long 
droughts.  Allow  the  soil  surface  to  dry  between  waterings  so  that  air  can  be 
absorbed  as  water  drains  out  of  the  pore  spaces.  To  allow  the  roots  to 
develop  without  competition  from  the  lawn  for  water  or  nutrients,  keep  the 
area  of  the  planting  circle  clear  of  grass  for  several  years.  After  the  tree  is 
well  established,  it  can  usually  survive  with  no  extra  water  even  during 
droughts.  But  for  best  results  it  should  be  watered  if  the  leaves  show  signso! 
wilting,  especially  if  it  is  a  tree  adapted  to  wet  areas. 

Fertilizing 

The  prepared  soil  mixture  that  was  placed  in  the  planting  hole  will  furnisr 
an  initial  supply  of  nutrients  to  the  young  tree.  Do  not  mix  ordinary 
commercial  fertilizers  with  this  soil,  because  they  may  burn  the  tender  new 
roots.  (Slow  release  fertilizers  are  an  exception,  and  can  be  used  if  the 
directions  on  the  label  are  followed.)  However,  the  tree  may  need  fertilize! 
periodically  to  keep  it  growing  well.  Ideally,  its  requirements  should  be 
determined  by  a  chemical  analysis  of  the  soil,  which  would  show  exactly 
what  nutrients  are  lacking.  The  local  office  of  the  Agricultural  Extension 
Service  may  be  consulted  for  advice.  In  the  absence  of  a  soil  analysis  a  gooc 
general  rule  to  follow,  for  young  trees  less  than  6  inches  (1 5  cm)  in  diameter 
measured  at  41/2  feet  (1 .4  m)  above  the  ground,  is  to  use  about  1  %  lb  (%  kg)per 
year  of  a  15-5-10  (nitrogen-potassium-phosphorus)  fertilizer  for  each  incl* 
(2.5  cm)  of  trunk  diameter.  For  established  trees  that  have  a  larger  diametef 
about  31/2  lbs  (1 V2  kgs)  per  inch  (2.5  cm)  of  trunk  diameter  should  be  used 
Apply  half  the  yearly  amount  about  every  6  months.  For  flowering  andfru 
trees,  one  of  these  applications  should  be  made  at  the  beginning  of  the 
flowering  season  for  maximum  flowering  and  fruiting. 

Fertilizer  can  besprinkled  lightly  and  evenly  over  the  ground  beneath  the 
tree's  crown,  starting  about  1  foot  (30  cm)  from  the  trunk  and  extending  ou 
to  the  edge  of  the  crown.  Water  the  soil  thoroughly  afterwards  so  that  the 
fertilizer  begins  to  dissolve  and  soak  in  and  does  not  burn  the  grass  beneatt 
the  tree.  On  lawns,  a  good  way  to  get  the  fertilizer  down  to  the  tree  root: 
without  seriously  disturbing  the  grass  is  to  bore  holes  into  the  ground  in  a 
pattern  as  in  figure  20.  Holes  should  be  drilled  with  a  soil  auger,  because 
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20.— Pattern  for  boring  holes  to  fertilize  tree.  Circles  are  2  ft.  (60  cm)  apart,  and  the  holes  in  each  circle  are 
also  2  ft.  (60  cm)  apart. 

nhing  them  with  a  crowbar  compacts  the  soil  around  the  edges.  Each 
e^  1  to  2  inches  (2.5-5  cm)  across  and  1 0  to  1 5  inches  (25-35  cm)  deep. 
C5tribute  the  fertilizer  more  widely,  drill  holes  at  an  angle  instead  of 
li  ht  down.  To  reduce  its  concentration  and  make  enough  to  distribute  to 
th  holes,  mix  the  fertilizer  with  an  equal  amount  of  soil  or  sand.  Pour  a 
3J)f  the  mixture  into  each  hole;  then  fill  the  holes  with  soil, 
utilization  should  not  be  overdone,  because  too  much  fertilizer  can  build 
irthe  soil  and  harm  the  tree.  The  amounts  recommended  above  should 
I  exceeded  unless  a  soil  analysis  has  shown  a  deficiency.  Also,  if  the 
Appears  to  be  growing  normally  with  healthy  green  foliage  there  is 
bjbly  no  need  to  fertilize.  But  trees  that  are  obviously  deficient  in 
rints,  or  that  have  been  weakened  by  defoliating  insects  or  other 
rige,  should  be  fertilized  promptly. 

jrng  Established  Trees 

jt'rt  pruning  early  in  the  life  of  a  tree,  eliminating  undesirable  growth 
ileleaving  only  small  wounds  that  will  heal  quickly.  Also,  prune  gradually 
tht  too  many  branches  are  not  removed  at  one  time  and  the  tree  keeps 
nrich  foliage  as  possible. 

.0'  branches  that  obstruct  the  passage  of  vehicles  or  pedestrians  along 
363  or  in  parking  lots,  or  that  hang  too  low  in  a  garden,  should  be 
icied  as  soon  as  the  tree  is  tall  enough.  The  ultimate  aim  is  to  produce  a 
3  iat  looks  as  natural  as  possible  (unless  formal  shaping  of  a  tree 
ipkble  to  such  treatment  is  desired). 

:icire  21  illustrates  branch  terms  and  some  types  of  undesirable  growth, 
cklrs  and  water  sprouts  are  undesirable,  so  remove  them  as  soon  as 
y  <J3velop.  Crotches  that  are  V-shaped  split  easily  and  should  be  cut  back 
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Water 
Sprouts 

Strong  U-shaped 
crotch 


Well-healed 
pruning  scar 


Leader 


m 


Lateral  branches 


Weak  V-shaped  crotch 


Suckers 


Figure  21  —Branch  terms  used  in  pruning. 
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>!ne  stem  when  possible.  To  avoid  leaving  a  stub  make  the  final  cut  where 
I*  two  sides  join  solidly.  Cut  protruding  stubs  off  flush  with  the  stem, 
eause  they  usually  die  back  to  the  stem  and  serve  as  an  entrance  point  for 
eay.  Also,  remove  branches  that  cross  over  and  rub  against  another 
mch  or  the  trunk,  because  the  friction  will  eventually  cause  bark  damage 
iifugh  which  decay  can  enter.  Lateral  branches  that  are  too  long  or  are 
wing  in  the  wrong  direction  can  be  cut  back  to  just  above  a  healthy  bud  or 
sde  branch  that  is  in  the  right  position  for  further  growth.  Do  not  cut  the 
icier  or  terminal  bud  unless  you  want  no  further  height  growth, 
oietimes,  injury  to  the  terminal  bud  causes  multiple  leaders  to  develop. 
3lestore  dominance  and  normal  development,  cut  back  all  but  the 
tringest  leader. 

yjways  remove  dead,  dying,  and  diseased  branches  as  soon  as  possible 
/  utting  back  to  a  healthy  crotch  or  in  healthy  wood  at  least  4  inches  (1 0 
njbelow  any  visible  signs  of  infection.  To  avoid  spreading  infection  when 
jtjng  in  diseased  wood,  disinfect  tools  by  dipping  them  into  or  wiping  them 
itj  70%  alcohol  between  cuts. 

F  uning  tools  should  be  kept  sharp  and  in  good  condition.  To  get  a  good 
Jsi  cut  when  using  shears,  be  sure  the  cutting  edge  is  next  to  the  stem  (fig. 
2)For  limbs  that  must  be  sawed  off,  cut  in  three  steps  as  shown  in  figure  23 


Correct 


Incorrect 


:qu 


22. — Use  of  pruning  shears.  Correct  method  on  left  with  blade  next  to  stem  produces  clean  cut.  Incorrect 
method  on  right  leaves  stub. 
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to  prevent  bark  from  tearing  down  the  stem  and  leaving  a  large  wound  wh< 
the  branch  falls.  Large  stem  wounds  can  be  shaped  into  an  upright  oval  th  I 
will  shed  water  and  heal  more  quickly  by  carefully  cutting  in  healthy  bark  \M 
a  sharp  knife  (fig.  24). 

Wounds  may  be  painted  with  a  commercial  tree-wound  dressing  thath 
an  asphalt  base,  or  with  orange  shellac.  Do  not  use  ordinary  house  painl  I 
other  preparations  not  specified  for  plants.  However,  no  dressing  will  alwcq 
prevent  decay.  The  best  results  are  obtained  by  pruning  properly  to  leaa 
small  wounds  in  healthy  tissue  which  can  heal  rapidly. 

Avoiding  Soil  Disturbance 

Tree  roots  need  access  to  moisture  and  oxygen  if  the  tree  is  to  remrs 
healthy.  Changing  the  soil  level  above  the  roots  can  affect  the  supply  of  bol 
water  and  air.  There  is  not  much  problem  with  the  addition  of  up  to  4  inch 
(10  cm)  of  soil,  provided  it  is  fairly  porous  and  not  packed  down  solidly./ 
thicker  covering  will  require  special  procedures,  including  a  well  around  i 
trunk  and  gravel  or  drain  tile  at  the  original  soil  level  to  allow  water  and  ai 
reach  the  roots.  This  is  likely  to  be  very  expensive  and  is  not  always 
successful,  so  avoid  such  changes  if  possible,  or  obtain  professional  advi  i 
before  undertaking  them. 

Soil  under  established  trees  should  not  be  covered  with  a  pavemen 
asphalt,  concrete,  or  other  impervious  material  because  such  covering  c  i 
off  the  supply  of  water  and  air  to  the  roots.  Trees  can  be  planted  in  openii 
in  such  areas,  for  example  in  parking  lots,  but  they  should  be  small  tn 
whose  root  systems  can  adapt  to  the  confined  conditions.  Soil  compacl 
from  trucks  or  other  heavy  equipment  driving  repeatedly  over  an  area  is  al  i 
bad.  When  such  activities  are  going  to  take  place,  fence  off  the  area  und  m 
the  crown  of  established  trees  with  sturdy  barricades  if  possible,  both  : 
protect  the  roots  and  to  prevent  physical  damage  to  the  trunk  from 
the  equipment. 

Removing  soil  from  around  a  tree  can  also  cause  problems,  because 
may  remove  roots  that  not  only  keep  the  tree  alive  but  also  help  to  anchc 
Again,  obtain  professional  advice  for  the  special  procedures  needed  t< 
safeguard  the  remainder  of  the  roots.  But  the  likelihood  of  success  is  limit*  i 
if  more  than  a  small  portion  of  the  root  system  is  affected. 


Controlling  Insects  and  Diseases 

Problems  with  insects  and  diseases  are  a  fact  of  life  when  growing  planl 
The  best  way  to  avoid  these  is  to  choose  species  that  are  relatively  free  fro 
pests  in  the  area  where  they  are  to  be  planted.  The  individual  spec 
descriptions  give,  under  Limitations,  any  major  insect  or  disease  proble 
that  affect  each  one. 
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1 10 


First  cut,  from  below 
and  at  least  one-third 
of  the  way  through  the 
branch,  keeps  bark 
from  tearing  down  stem 
as  branch  falls. 


_J 

I 

^ 

Second  cut,  from 
above  and  about  1  inch 
(2.5  cm)  further  out, 
severs  main  part  of 
branch. 


f 

Third  cut  removes 
stub  flush  with 
stem. 


Figure  23. — Procedure  for  cutting  large  branches. 


e 

p:Tl( 


areness  of  the  need  for  conservation  and  environmental  protection 

rought  an  emphasis  on  an  overall  biological  approach  to  pest  control. 

ow  know  that  broad  spectrum  pesticides  kill  not  only  the  target 

m,  but  many  beneficial  ones  as  well,  and  the  long-term  result  may  be 

e  severe  problem  after  the  natural  enemies  that  helped  keep  a  pest  in 


gs  is 
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Figure  24. — Wound  shaped  into  upright  oval  will  si 
water  and  promote  healing. 


check  have  been  eliminated.  Thus  pesticides  are  just  one  component  ofit 
system,  and  should  be  used  only  when  there  is  no  other  alternative' 
prevent  extensive  damage. 

An  important  part  of  biological  control  is  prevention.  Avoid  injury  to  truj 
or  roots  of  trees  during  lawn  mowing  and  other  garden  work.  Keep  your  yj i 
free  of  debris  where  pests  can  develop,  and  burn  or  dispose  of  infeH 
material  promptly.  Use  a  high  curb  or  barricade  to  protect  trees  in  park-" 
lots  from  damage  by  cars. 

When  a  problem  does  occur,  the  first  step  is  to  evaluate  whether  contrc 
really  needed.  Many  insect  or  disease  attacks  come  in  short-lived  wan 
triggered  by  weather  or  season.  There  is  no  need  to  treat  a  problem  thai » 
soon  go  away  by  itself.  Also,  it  is  unrealistic  to  expect  total  eradicatioi 
most  problems.  A  few  chewed  leaves  will  not  bother  the  tree  if  the  pest  is  r  i 
allowed  to  build  up  to  epidemic  proportions. 

If  control  is  necessary,  will  simple  methods  do  the  job?  On  small  twt, 
some  insects  can  be  picked  off  by  hand  and  drowned  in  kerosene.  Othni 
can  be  washed  off  the  leaves  or  stems  with  a  garden  hose.  A  cloth  or  an. 
toothbrush  can  be  used  to  clean  infested  leaves  or  new  growth  with  so 
water.  Infected  twigs  and  branches  can  be  pruned  off  and  burned 
otherwise  disposed  of  where  they  will  not  serve  as  sources  of  turn 
infection. 

When  the  above  methods  fail,  or  for  larger  trees,  a  pesticide  may 
needed.  If  so,  try  by  careful  inspection  to  determine  the  organism 
responsible.  Or  ask  the  local  office  of  the  Agricultural  Extension  Service  < 
help.  Then  look  for  a  product  at  a  nursery  or  garden  store  that  is  register  i 
for  that  particular  organism,  and  carefully  follow  the  directions.  Aftif 
treatment,  fertilize  and  water  trees  that  have  been  damaged  by  pes 

The  ordinary  gardener  cannot  treat  large  trees.  So  if  you  find  you  hi 
planted  a  tree  that  suffers  continual  pest  problems,  replace  it  with  a  be '< 
species  before  it  gets  any  larger  and  more  difficult  to  remove. 
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Half  round 

Typical  Tree  Crown  Forms  as  Used  in  Matrix 
on  Page  30-33 
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Weeping 
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Umbrella 


Flat-topped 


Banyan 
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Notes  for  Matrix  and  Species  Descriptions 

The  matrix  on  the  next  several  pages  lists  the  species  in  alphabetic] 
order  by  scientific  name  and  briefly  indicates  size,  adaptability,  and  sped  ' 
features.  A  section  of  one-page  descriptions  with  illustrations  for  eaa 
species  follows.  Use  the  matrix  to  identify  one  or  more  species  that  seem '^ 
be  adapted  to  your  situation,  then  turn  to  the  descriptions  to  make  a  definr 
selection.  If  you  are  interested  in  a  particular  species  for  which  you  krom 
only  the  common  name,  look  in  the  index  where  the  common  as  well  as  tjt 
scientific  names  of  all  species  are  listed  with  the  page  number  on  whicii 
each  is  described  or  mentioned. 

Nomenclature  follows  Little  and  Wadsworth  (1964)  and  Little,  Woodbui 
and  Wadsworth  (1 974).  The  black  and  white  illustrations  of  leaves,  flowen 
and  fruit  for  each  species  are  taken  from  these  two  publications. 

In  the  matrix,  the  size  ranges  used  are: 

Height  Crown  Spread 

Short  —  less  than  30  ft  (9  m)  Narrow  —  less  than  25  ft  (7.5  i 

Medium  —  30  to  60  ft  (9-18  m)  Medium  —  25  to  50  ft  (7.5-15) 

Tall  —  more  than  60  ft  (18  m)  Wide  —  more  than  50  ft  (15  rr 

Representative  crown  forms  are  illustrated  on  page  25  to  27.  The  form  mos 
typical  of  each  species  is  indicated;  however,  individual  specimens  may  vsi 
depending  on  growth  conditions  and  possible  injuries  to  the  crown 
Deciduous  means  the  species  loses  all  of  its  leaves  for  at  least  a  short  tin  i 
during  the  year,  usually  during  the  dry  season. 

In  the  descriptions,  common  names  are  given  in  the  top  right  corner 
for  Puerto  Rico,  then  for  the  Virgin  Islands  or  in  English.  If  either  one  i 
missing,  there  is  no  generally  accepted  common  name.  The  favorabl' 
points  about  each  species  are  given  in  the  headline  and  under  Uses  ai: 
Features.  Problems  that  may  be  encountered  are  grouped  under 
Limitations.  The  favorable  points  for  each  species  should  be  balance 
against  the  limitations  in  determining  whether  the  species  is  appropriate fi 
your  situation. 

A  statement  that  the  roots  are  not  troublesome  or  do  not  damage 
pavement  or  buildings  means  that  this  is  true  of  the  species  in  genera 
Individual  trees,  especially  on  very  shallow  soil  or  when  they  get  very  largi 
may  still  develop  surface  roots  or  a  large  trunk.  Species  known  to  hav 
troublesome  roots  are  specifically  mentioned. 
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JnderRate  of  growth,  rapid  means  the  tree  should  reach  its  mature  size 
I ►  to  10  years,  moderate  in  about  1 5  years,  and  slow  not  for  20  years  or 
ife.  Trees  growing  under  exceptionally  favorable  conditions  may  develop 
iter,  and  trees  growing  under  unfavorable  conditions  may  develop 
ire  slowly. 

he  sizes  under  Mature  height  and  Crown  diameter  are  representative 
fjiature  trees  in  Puerto  Rico.  Again,  these  may  vary  somewhat  depending 
ngrowing  conditions. 

nder  Remarks,  the  place  of  origin  and  the  usual  method  of  propagation 
ngiven  for  each  species,  along  with  special  notes  about  use  or  care.  Also 
Kitioned  briefly  are  some  closely  related  species  that  are  less  widely  used 
r  hat  have  undesirable  characteristics. 
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Tolerance 

Uses 

Scientific  and  common  name 

Height 

Crown 
Spread 

Crown 
Form 

en 
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co 
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CO 

0 

T 

1 
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CI 

Albizia  lebbek     (p.  34) 
Acacia  amarilla 
Tibet 

Medium 

Medium 

Round 

X 

X 

X 

X 

Araucaria  heterophylla     (p.  35) 
Araucaria 
Norfolk-lsland-pine 

Tall 

Narrow 

Conical 

Some 

Bauhinia  monandra     (p.  36) 
Mariposa 
Butterfly  Bauhinia 

Short 

Narrow 

Round 

X 

X 

X 

X 

Bucida  buceras     (p.  37) 
Ucar 
Gregre 

Medium 
to  tall 

Medium 

Oval 

X 

X 

X 

X 

X 

Bursera  simaruba     (p.  38) 
Alma'cigo 
Turpentine-tree 

Medium 

Medium 

Oval 

X 

X 

X 

X 

X 

Callistemon  citrinus     (p.  39) 
Bottlebrush 

Short 

Narrow 

Oval  to 
round 

X 

Some 

X 

Calophyllum  calaba     (p.  40) 
Maria 
Santa-maria 

Medium 
to  tall 

Narrow 

Oval  to 
columnar 

X 

X 

X 

X 

X 

Cassia  javanica     (p.  41 ) 
Casia  rosada 
Pink  cassia 

Medium 

Medium 

Umbrella 

X 

X 

Casuarina  equisetifolia     (p.  42) 
Casuarina 
Australian  beefwood 

Tall 

Medium 

Columnar 

X 

X 

X 

X 

Ceiba  pentandra     (p.  43) 
Ceiba 
Silk-cotton-tree 

Tall 

Wide 

Flat-topped 

X 

X 

X 

Chrysophyllum  cainito     (p.  44) 
Caimito 
Star-apple 

Medium 

Medium 

Round  to 
oval 

X 

X 

Clusia  rosea     (p.  45) 
Cupey 
Wild-mammee 

Medium 

Wide 

Banyan 

X 

X 

X 

X 

X 

Cnidoscolus  aconitifolius     (p.  46) 
Papayuelo 

Short 

Narrow 

Half 
round 

X 

X 

X 
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ntific  and  common  name        Height 


Crown        Crown 
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X 

X 
X 

X 
X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 

X 
X 

X 

X 
X 

X 

X 

X 

Some 

1 

X 

X 

X 

X 

X 

X 

X 

X 
X 

X 
X 

:o/ot>a  uvifera     (p.  47) 
a  de  playa 
a  grape 

s  nucifera     (p.  48) 
Ima  de  coco 
conut 

carpus  erecta  var.  sericea 
(p.  49) 
Single  botdn 
Sver  buttonwood 


Short 


Narrow       Variable 


Medium       Medium         Palm 


Short         Narrow         Prune 
to  shape 


or 
C 
V 

a  a/ba     (p.  50) 
eza  blanca 
te  manjack 

Short 

Narrow 

Round 

3/ 

c 

a  sebestena     (p.  51) 
nitel  Colorado 
ger-tree 

Short 

Narrow 

Round 
to  oval 

-esentia  cujete     (p.  52) 

hiiero 

Clabash-tree 

Short 

Narrow 

Round 

3/fj/x  regia     (p.  53) 
Flmboya'n 
Fmboyant-tree 

Medium 

Medium 

Umbrella 

G 

^ 

nia  malaccensis     (p.  54) 
nzana  malaya 
lay-apple 

Medium 

Narrow 

Columnar 
to  oval 

CI 

L 
B 

benjamina     (p.  55) 
;  rel  de  Benjamina 
iijamin  Fig 

Medium 

Wide 

Banyan 

cl  nekbuda     (p.  56) 
Aban  cloth-bark  tree 

ua\cum  officinale     (p.  57) 
Q^yaca'n 
Cnmon  lignum-vitae 

uaj/ma  ulmifolia     (p.  58) 
GScima 
Jcpcalalu 


igistroemia  speciosa     (p.  59) 
fl'fia  de  las  flores 
Q  )en-of-f  lowers 


Medium         Wide         Banyan 


Short  Narrow         Round 


Medium       Medium         Half- 
round 


Medium       Medium        Round 
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Mammea  americana     (p.  60) 
Mamey 
Mammee-apple 

Medium 

Narrow 

Columnar 
to  oval 

X 

X 

- 

Mangifera  indica     (p.  61) 
Mango 

Medium 
to  tall 

Medium 

Round 

X 

X 

X 

X 

X 

Manilkara  zapota     (p.  62) 
Nispero 
Sapodilla 

Medium 

Narrow 

Conical 
to  oval 

X 

X 

Montezuma  speciosissima     (p.63) 
Maga                                            Medium 

Narrow 

Irregular 
to  oval 

X 

X 

X    t 

Muntingia  calabura     (p.  64) 
Capulin 

Short 

Medium 

Umbrella 

X 

V 

X        3 

Parkinsonia  aculeata     (p.  65) 
Palo  de  rayo 
Jerusalem-thorn 

Short 

Narrow 

Round 

X 

X 

X 

X 

,1 

1 
h 

Peltophorum  inerme     (p.  66) 
FlamboyaYi  amarillo 
Yellow  flamboyant 

Medium 
to  tall 

Medium 

Round 

X 

X 

X 

11 

Pithecellobium  arboreum     (p.  67) 
Cojoba 

Medium 

Narrow 

Columnar 

X 

X 

5 

Plumeria  rubra     (p.  68) 
Frangipani 

Short 

Narrow 

Irregular  to 

flattened 

round 

X 

X 

X 

1 

3ome 

X 

* 

Pterocarpus  indicus     (p.  69) 
Pterocarpus 
India  padauk 

Tall 

Medium 

Round 
to  weeping 

X 

x   ( 

Roystonea  borinquena     (p.  70) 
Pal  ma  real 
Puerto  Rico  royalpalm 

Medium 
to  tall 

Medium 

Palm 

X 

X 

Salix  babylonica     (p.  71) 
Sauce  llordn 
Weeping  willow 

Short 

Narrow 

Weeping 

X 

X 

Sterculia  apetala     (p.  72) 
Anacaguita 
Panama-tree 

Tall 

Medium 

Round  to 
flat-topped 

X 

X 
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M 

is 

en  u- 

enia  macrophylla     (p.  73) 
oba  hondurena 
)adleaf  mahogany 

Tall 

Medium 

Oval 

X 

X 

X 

menia  mahagoni     (p.  74) 
luoba  dominicana 
test  Indies  mahogany 

Medium 

Medium 

Round 

X 

X 

X 

Some 

X 

X 

itibuia  heterophylla     (p.  75) 
fpble  bianco 
\nite-cedar 

Medium 

Narrow 

Columnar 
to  oval 

X 

X 

X 

X 

X 

tntrindus  indica     (p.  76) 
Imarindo 
"Imarind 

Medium 

Medium 

Round 

X 

X 

X 

X 

'C 

F 
C 

77a  stans     (p.  77) 
ble  amarillo 
lger-thomas 

Short 

Narrow 

Oval  to 
round 

X 

X 

X 

X 

X 

mnalia  catappa     (p.  78) 

Anendra 

liian-almond 

Medium 

Medium 

Broadly 
columnar 

X 

X 

X 

X 

X 

E 
C 

oesia  populnea     (p.  79) 

lajaguilla 
iheita 

Short 

Narrow 

Round 

X 

X 

X 

X 

X 
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Albizia  lebbek  (L.)  Benth. 
Family:  Leguminosae 

Quick  shade  for  difficult  sites. 


Acacia  amari 
Tittfa 


Uses:  Shade  and  ornament  along  roads,  in  pastures,  and  in  garden 

Features:     Grows  rapidly  in  dry  areas  and  on  poor  soils.  Provides  medim 
shade  except  during  the  dry  season  when  the  leaves  fall 
Fragrant,  yellowish-white  powder-puff  flowers  are  produced  f<  ff1 
about  4  weeks.  Clusters  of  straw-colored  pods  remain  on  thtl 
tree  almost  all  year  and  are  especially  conspicuous  rattling  g 
the  wind  while  the  tree  is  leafless. 

Limitations:  Tends  to  have  surface  roots,  especially  in  shallow  soils,  5) 
should  not  be  planted  close  to  buildings  or  pavement.  May  seta; 
into  gardens  and  pastures.  Often  has  termite  nests  and  tunneif 
on  its  branches.  A  fungal  disease  sometimes  attacks  the  rooij 
and  eventually  kills  the  tree. 

Description:  Leaves  doubly  compound  with  numerous  small,  pale-gree 
leaflets.  Flowers  in  rounded  clusters  across  the  crown.  Fruit  f 
flat,  broad  pod.  Flowering  from  April  to  September. 

Rate  of  growth:  Rapid. 

Mature  height:  20  to  40  ft  (6  to  12  m). 

Crown  diameter:  25  ft  (7.5  m). 

Remarks:    Native  to  southeast  Asia.  Easily  propagated  by  seeds  or 
cuttings.  A  related  species,  Albizia  procera  (Roxb.)  Benth 
(albizia,  tall  albizia),  with  smaller  and  more  numerous  leaflet 
and  narrower  pods  that  are  reddish-brown,  is  extremely 
susceptible  to  root  fungus,  and  should  not  be  planted. 


Ues: 

-attires 


•aucaria  heterophylla  (Salisb.)  Franco  Araucaria 

Fimily:  Araucariaceae  Norfolk-island-pine 

Symmetrical  Christmas  tree  for  lawn  or  yard. 

Single  accent  tree. 

Erect,  conical,  symmetrical  conifer  with  horizontal  branches  in 
regular  whorls  of  4  to  7.  Grows  best  in  good,  well-drained  soil 
with  adequate  moisture,  tolerates  salt  spray. 

L-nitations :  Trunk  often  has  a  curve  at  the  base  before  growi  ng  straight  up, 
and  some  trees  are  spiral  rather  than  completely  vertical.  Older 
trees  become  less  symmetrical  as  they  lose  some  of  their  lower 
branches.  Should  not  be  planted  close  to  buildings  because 
some  of  the  large  roots  are  relatively  shallow.  A  fungus 
frequently  discolors  older  needles,  and  a  disease  sometimes 
causes  bleeding  of  resin  from  the  trunk. 

ascription :  Leaves  either  needlelike  or  scaly  on  ropelike  twigs  arranged 
in  a  horizontal  plane  on  the  branches.  Flowers  inconspicuous. 
Fruit  a  rounded  cone,  rarely  maturing  in  Puerto  Rico. 

Rte  of  growth:  Moderate. 

Mture  height:  Probably  80  to  100  ft  (24  to  31  m). 

Cown  diameter:  20  ft  (6  m). 

-  narks:    Native  to  Norfolk  Island  in  the  South  Pacific.  Propagated  by 
seeds  (which  lose  their  viability  quickly)  or  young  tip  cuttings. 
Several  related  species,  which  are  not  as  symmetrical,  are 
sometimes  seen  in  Puerto  Rico. 


Bauhinia  monandra  Kurz  Marip  5 

Family:  Leguminosae  Butterfly  bauhii 

Pink  orchid  « 

Flowering  tree  for  confined  areas. 

Uses:  In  gardens,  along  roads  and  sidewalks,  or  wherever  a  srt| 

flowering  tree  is  needed. 

Features:    Covered  with  large  pink,  red-spotted,  orchid-like  flowers 

about  2  months.  Grows  in  most  soils  but  does  best  with  gic 
drainage.  Roots  and  trunk  do  not  cause  problems  with 
waterlines  or  pavement. 

Limitations:  Nothing  serious. 

Description:  Leaves  light  green,  split  about  Vb  of  their  length  into  2  led 
resembling  a  cow's  hoof.  Flowers  in  short  terminal  clustee 
Fruit  a  narrow,  reddish-brown  pod.  Flowering  and  fruitincc 
almost  throughout  the  year,  but  with  peak  flowering  betwli 
May  and  September. 

Rate  of  growth:  Rapid.  Tree  lasts  about  30  years. 

Mature  height:  10  to  30  ft  (3  to  9  m). 

Crown  diameter:  15  ft  (4.5  m). 

Remarks:    Native  to  southeast  Asia.  Propagated  by  seeds;  needs  carlil 
transplanting  so  roots  are  not  disturbed.  Can  be  pruned  :ie 
flowering,  but  only  lightly  because  the  flowers  are  produce  :*r 
the  twigs  from  the  previous  year.  Bauhinia  variegata  L.  (pal : 
orquideas,  poor-man's-orchid),  with  flowers  varying  from 
to  purple,  and  Bauhinia  blakeana  ST.  Dunn.  (Hong  Kon 
orchidtree),  with  large  clusters  of  fragrant  deep  crimson 
flowers,  are  also  becoming  popular  in  Puerto  Rico. 


cida  buceras  L. 
nily:  Combretaceae 


sntes: 


slitures: 


Ucar 

Gregre 

Oxhorn  bucida 

client  shade  tree  for  confined  areas  and  adverse  conditions. 

Shade,  windbreaks,  and  ornament  for  gardens,  roadsides,  and 
areas  near  the  shore. 

Grows  well  in  sandy  soils,  calcareous  soils,  or  shallow  volcanic 
soils,  and  resists  wind,  salt  spray,  and  drought.  Evergreen 
except  in  very  dry  areas,  therefore  provides  shade  and 
protection  throughout  the  year.  Deep  root  system  does  not 
damage  buildings  or  pavement.  Said  to  be  hurricane  resistant. 

litations:  Fruits  may  cause  tannin  stains  on  parked  cars.  One  variety  of 
this  tree,  susceptible  to  mites  that  cause  continuous  leaf  fall, 
should  not  be  propagated. 

.cription:  Leaves  yellowish-green,  clustered  at  ends  of  short  twigs 
along  the  branches.  Flowers  inconspicuous.  Fruit  brownish, 
clustered  in  long  spikes  with  some  fruits  deformed  into  horn-like 
galls.  Flowering  and  fruiting  irregularly  throughout  the  year. 

e  of  growth:  Moderate,  but  slow  if  root  system  is  restricted. 

fcire  height:  30  to  60  ft  (9-18  m)  or  more. 

wn  diameter:  40  ft  (12  m). 

narks:    Native  to  Puerto  Rico  and  the  Virgin  Islands.  Propagated  by 
cuttings  or  air  layers  from  plants  selected  for  small  leaves  and 
symmetrical  form.  Grows  best  in  full  sunlight  and  with  good 
drainage.  Responds  well  to  pruning  and  fertilization. 
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2  In.  or  5  cm. 

Bursera  simaruba  (L.)  Sarg. 
Family:  Burseraceae 


AlmacigiQs 
Turpentine-tret  | 


Living  fence  post  with  smooth,  flaking,  reddish-brown  bark. 

Uses:  Open  shade  along  streets  or  beach,  but  loses  its  leaves  in  the 

dry  season.  Single  accented  or  background  tree  in  gardensof!, 
parks. 

Features:    Adapted  to  limestone  soils,  grows  best  in  dry  or  well-drainej 
areas.  Tolerant  of  drought,  wind,  andsaltspray.  Branches  upi^ai 
4  inches  (10  cm)  in  diameter  will  root  and  grow  when  stuck  inttil  ri 
ground. 

Limitations:  Nothing  serious. 

Description:  Leaves  composed  of  3  to  7  leaflets  with  aromatic  odor  whei 
crushed.  Flowers  yellowish-green,  inconspicuous.  Fruit 
reddish  and  diamond-shaped.  Flowering  and  fruiting  usually^ 
spring  before  or  with  the  new  leaves.  Crown  composed  of  larcja  ioi 
crooked,  spreading  branches  arising  from  a  stout  trunk,      re 

Rate  of  growth:  Moderate. 

Mature  height:  20  to  40  ft  (6  to  12  m). 

Crown  diameter:  25  ft  (7.5  m). 

Remarks:    Native  to  Puerto  Rico  and  the  Virgin  Islands.  Can  also  be 
propagated  by  seeds. 


ktemon  citrinus  (Curtis)  Skeels 
ily:  Myrtaceae 


Bottlebrush 


tree  with  brilliant  red  flowers;  good  for  confined  areas. 


tres: 


Ornament  in  patios,  along  sidewalks  and  median  strips,  and  in 
parking  lots  and  other  areas  where  space  is  limited. 
Grows  under  widely  varying  conditions.  Tolerates  poor  soil, 
drought,  and  some  salt  spray. 

liitions:  Nothing  serious. 

ciption:  Leaves  narrow  and  pointed,  spread  all  around  twig,  with  a 
lemon  odor  when  crushed.  Flowers  in  bottle-brush-like  masses 
near  the  ends  of  slender,  drooping  twigs.  Fruit  a  hard,  rounded, 
brown  woody  capsule,  surrounding  twigs  in  clusters  and 
persisting  for  several  years.  Flowering  and  fruiting  irregularly 
throughout  the  year.  May  be  shrubby  with  several  stems. 
f  growth:  Moderate. 

ufe  height:  20  ft  (6  m). 

m  diameter:  15  ft  (4.5  m). 

mj'ks:    Native  to  Australia.  Propagated  by  seeds. 


a 


Calophyllum  calaba  L.  Man 

Family:  Guttiferae  Santa-maria 

False-mame 

Beautiful,  dense,  dark-green  shade  for  street  borders  and  poor  soils. 

Uses:  Shade,  ornament,  and  in  dense  hedges  as  a  windbreak  or 

protect  from  salt  spray  near  the  ocean. 

Features:     Grows  well  in  almost  all  soils,  especially  adapted  to  degrade|n 
sites,  and  resistant  to  salt  spray.  The  dark,  shiny  green  crown 
can  be  shaped  into  a  hedge  or  other  form,  and  the  tree  can  be 
used  in  confined  areas  if  controlled  by  pruning. 

Limitations:  Grows  slowly,  especially  on  poor  sites. 

Description:  Leaves  stiff  and  dark  green.  Flowers  numerous,  small, 

fragrant,  in  clusters.  Fruit  light  brown,  hard  and  dry.  Flowering 
mostly  in  spring  and  summer,  with  fruits  maturing  mainly  in 

Rate  of  growth:  Slow. 

Mature  height:  40  to  65  ft  (12-20  m). 

Crown  diameter:  20  ft  (6  m). 

Remarks:  Native  to  Puerto  Rico  and  the  Virgin  Islands.  Easily  propagated 
by  seeds,  but  the  young  seedlings  must  be  transplanted  with; 
ball  of  earth  for  good  survival.  If  the  tree  is  to  be  shaped 
pruning,  this  should  be  started  while  it  is  still  young,  especia 
used  to  line  sidewalks  or  roadsides.  This  species  is  long-live 
and  develops  a  large  trunk,  which  may  eventually  cause 
problems  to  sidewalks. 


"I 


i/a  javanica  L  Casia  rosada 

My:  Leguminosae  Pink  cassia 

Macular  masses  of  fragrant,  long-lasting  pink  flowers. 

n  Single  accented  or  background  tree  in  gardens  or  parks  where 

litter  will  not  be  a  problem. 

Ires:     Flowers  completely  cover  the  outer  ends  of  the  spreading 
branches  for  2  to  3  months.  Grows  and  flowers  best  in  good, 
well-drained  soil  with  adequate  moisture. 

ihtions:  Loses  its  leaves  during  the  dry  season,  and  is  not  particularly 
attractive  then  because  it  has  many  long  hanging  pods  and 
dead  branches.  The  falling  leaves,  flower  parts,  and  pods 
(which  have  a  bad  odor  when  green)  make  it  a  poor  choice  for 
streets  or  parking  lots.  Also,  it  should  not  be  planted  close  to 
buildings  because  of  the  spreading  crown,  and  it  has  a  shallow 
root  system  so  may  be  blown  over  by  hurricane-force  winds. 

icliption:  Leaves  composed  of  about  1 6  to  20  pairs  of  leaflets,  the  new 
ones  appearing  just  before  the  flowers.  Flowers  rose-scented, 
numerous  in  lateral  clusters.  Fruit  a  slender  cylindrical, 
dark-brown  pod  16  to  20  inches  (21  to  51  cm)  long.  Flowering 
mainly  from  May  to  July. 

e>f  growth:  Rapid.  Tree  seldom  lasts  more  than  30  years. 

up  height:  40  ft  (12  m). 

w)  diameter:  30  ft  (9  m). 

n^ks:    Native  to  India  and  southeast  Asia.  Propagated  by  seeds.  Will 
flower  within  about  5  years  of  planting,  with  maximum  flowering 
after  a  long  dry  season.  Needs  early  pruning  because  it  tends  to 
fork  near  ground,  and  dead  branches  should  be  pruned  out  of 
the  top  periodically  for  best  appearance. 


Casu 
Australian  beefwt 


■ 


Casuarina  equisetifolia  L. 
Family:  Casuarinaceae 

Outstanding  for  beaches  and  windbreaks. 

Uses:  Windbreaks,  screens,  and  hedges  in  coastal  areas,  and  f 

binding  and  building  soil  on  beach  sands. 

Features:     Grows  on  acid  and  alkaline  soils,  muck,  calcareous  rocky  so' 
and  sand  dunes.  Withstands  drought  and  heavy  salt  blass 

Limitations:  Spreading  superficial  root  system  may  cause  trouble  if  \H 
is  not  plenty  of  room,  and  very  tall  trees  may  be  blown  over  n 
hurricane-force  winds.  Little  other  vegetation  will  grow  unr 
the  crown  because  the  fallen  "needles"  decay  slowly.  A 
disease  that  causes  stem  cankers,  dieback,  and  sometirn 
death  of  large  old  trees  has  been  reported  in  several  areas1 
Puerto  Rico,  so  this  species  should  not  be  planted  for 
permanent  use  near  buildings.  It  should  be  used  only  for  bee-j 
plantings,  windbreaks,  and  sheared  hedges  or  screens. 

Description:  Needle-like  leaves  are  actually  green  modified  twigs  witrn 
scale-like  true  leaves  at  the  joints.  Flowers  inconspicuous.  F  i 
a  light-brown,  warty,  conelike  ball.  Flowering  and  fruiting 
throughout  the  year. 

Rate  of  growth:  Very  rapid. 

Mature  height:  Up  to  100  ft  (31  m). 

Crown  diameter:  25  ft  (7.5  m). 

Remarks:    Native  to  Australia  and  tropical  Asia.  Propagated  by  seed,1 
cuttings,  does  not  produce  root  sprouts.  Has  thin  open  cn$ 
but  can  be  sheared  to  control  height  and  form  a  dense  hedg  i 
screen,  or  can  be  planted  in  a  belt  several  trees  thick  to  for  i 
windbreak. 


kba  pentandra  (L.)  Gaertn. 
irsily:  Bombacaceae 

lint  tree  with  large  buttresses. 


Ceiba 
Silk  cotton-tree 


ii 


Ijjs:  Centerpiece  for  park  or  plaza,  or  along  rural  highway. 

e  tures:     Massive,  gray,  smooth  trunk  up  to  8  ft  (2.5  m)  in  diameter  above 
narrow  buttresses  that  may  be  up  to  6  ft  (1 .8  m)  high  and  extend 
to  1 0  ft  (3  m)  out  over  the  wide-spreading,  shallow  roots.  Broad, 
flat-topped  crown  of  spreading  horizontal  branches.  Grows  on 
poor  soils  in  both  moist  and  dry  areas. 
itations:  Large  trunk,  buttresses,  and  surface  roots  make  it  difficult  to 
grow  anything  else  under  it. 

ejcription:  Leaves  composed  of  5  to  8  palmately  arranged  leaflets. 

Flowers  white  to  pinkish,  in  clusters  near  the  ends  of  the  twigs. 
Fruit  a  pod-like  hanging  capsule  containing  gray  floss  (the 
kapok  of  commerce)  with  embedded  seeds.  Flowering  from 
December  to  February,  not  every  year  and  often  while  the  tree 
is  leafless,  and  with  fruits  maturing  about  2  months  later. 

:ap  of  growth:  Moderate.  May  take  50  years  to  reach  mature  size  and 
form. 

laure  height:  80  ft  (25  m)  or  more. 

nj/vn  diameter:  80  ft  (25  m). 

eiarks:  Native  to  Puerto  Rico  and  the  Virgin  Islands.  Propagated  by 
cuttings  or  by  seedlings  with  the  tops  cut  back.  Young  trees 
have  spines  on  the  bark,  and  have  open,  irregular  crowns. 


Chrysophyllum  cainito  L. 
Family:  Sapotaceae 


Cairn 
Star-ap| 


Evergreen  shade  tree  with  attractive  reddish-brown  leaves  and  edible  frit 


Uses:  Shade,  ornament,  and  fruit  in  yards  and  gardens. 

Features:     Dense,  spreading  crown  with  slightly  drooping  branches 

Grows  best  on  moist,  well-drained  soil.  Fruit  can  be  eaten  freji 
or  used  in  salads,  and  production  starts  in  about  5  years 

Limitations:  Nothing  serious. 

Description:  Leaves  dark  green  and  slightly  shiny  above;  silky, 

reddish-golden-brown  below  and  on  petioles  and  young  twioi 
Flowers  tiny,  purplish-white,  clustered  at  base  of  leaves.  Fr  i 
greenish  to  purplish  when  ripe,  with  a  thick,  leathery  rind 
containing  gummy  latex;  the  white  jellylike  flesh  and  browrv 
seeds  make  a  star-shaped  pattern  when  cut.  Flowering  inn 
summer  and  fall  and  fruiting  from  late  fall  to  summer.  Repute^ 
does  not  fruit  in  the  Virgin  Islands. 

Rate  of  growth:  Slow. 

Mature  height:  20  to  40  ft  (6  to  12  m). 

Crown  diameter:  25  ft  (7.5  m). 

Remarks:    Native  to  Greater  Antilles,  possibly  including  Puerto  Rico 
Propagated  by  seeds,  which  should  be  selected  from  trees  wi 
good  fruit.  Tree  contains  milky  sap. 


5 
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misia  rosea  Jacq.  Cupey 

fimily:  Guttiferae  Wild-mammee 

Istoad,  spreading  evergreen  with  stiff  leaves  resistant  to  salt  spray. 

Likes:  Along  seacoast,  and  in  parks  or  large  gardens  where  there  is 

room  for  a  wide-spreading  tropical  tree. 

natures:     Grows  on  most  soils  and  tolerates  salt  spray  and  drought. 

Forms  prop  roots  at  base  and  aerial  roots  from  branches,  so 
may  completely  take  over  area  where  it  is  growing.  Can  be 
pruned  to  shape. 

Lfnitations:  Falling  leaves  and  fruits  may  cause  a  litter  problem. 
scription:  Leaves  thick  and  leathery.  Flowers  pink  to  light  rose,  terminal 
at  ends  of  twigs  but  not  enough  blooming  at  one  time  to  create  a 
display.  Fruit  considered  to  be  poisonous,  ball-like  and  fleshy, 
yellow-green  turning  to  brown  and  splitting  at  maturity  to  reveal 
several  yellow  seeds  in  orange-red  pulp.  Flowering  and  fruiting 
throughout  the  year. 

R|te  of  growth:  Moderate. 
ture  height:  Up  to  60  ft  (18  m). 

Cpwn  diameter:  75  ft  (23  m). 

Rrnarks:    Native  to  Puerto  Rico  and  the  Virgin  Islands.  Propagated  by 
seeds  and  cuttings.  Seeds  may  stick  to  other  plants  and 
germinate  as  epiphytes.  Messages  have  been  written  on  the 
leaves.  Dried  fruits  are  used  in  floral  arrangements.  Tree 
contains  a  yellow,  resinous  latex. 


Cnidoscolus  aconitifolius  (Mill.)  I.M.  Johnst. 
Family:  Euphorbiaceae 


Papayuc 


Small  tree  for  quick  shade  and  ornament  in  dry  areas. 

Uses:  Shade  and  ornament  in  gardens  and  patios. 

Features:     Compact,  dense,  half-round  crown  on  short,  stout  trunk; 

numerous  small,  white  flowers.  Grows  well  on  any  soil  in  ccf 

areas. 
Limitations:  Sometimes  attacked  by  insect  that  causes  leaves  to  turn 

yellow  and  fall  off.  Not  well  suited  for  planting  along  roads  I 

because  branches  are  easily  broken. 
Description:  Leaves  palmately  lobed,  dull  dark  green  with  many 

light-green  veins.  Flowers  fragrant  in  clusters  across  the  crow' 

Flowering  throughout  the  year  but  not  producing  fruit  in  Puert 

Rico. 
Rate  of  growth:  Very  rapid.  Tree  lasts  only  about  10  years. 
Mature  height:  20  ft  (6  m). 
Crown  diameter:  20  ft  (6  m). 
Remarks:    Native  to  Mexico.  Propagated  by  cuttings  (and  seeds).  Stojj 

green  twigs  have  scattered  stinging  hairs  and  yield  abunda> 

white  latex  when  cut. 


tccoloba  uvifera  (L.)  L.  Uva  de  playa 

mily:  Polygonaceae  Sea  grape 

ixcellent  small  tree,  hedge,  or  ground  cover  for  beach  areas;  edible  fruit. 

ses:  Tree  or  hedge  where  salt  spray  is  a  problem;  highway  median 

strips;  in  sheltered  locations  as  an  unusual  tree  with 
wide-spreading  branches. 

matures:     Grows  with  little  or  no  care  on  sandy  and  rocky  seashores, 
withstands  heavy  salt  blast  and  wind  and  grows  well  in  both  full 
sun  and  partial  shade.  Can  be  pruned  to  form  a  windbreak  or 
privacy  screen.  Also  grows  well  on  good  soils  and  under 
sheltered  conditions. 

limitations:  Leaves  sometimes  attacked  by  insects,  causing  bad 
appearance  and  leaf  fall. 

Inscription:  Leaves  thick  and  leathery,  bluish-green  with  red  veins,  young 
and  very  old  leaves  often  reddish.  Flowers  fragrant  and  very 
small  in  long,  narrow  clusters.  Fruit  grapelike  in  drooping 
clusters,  purple  when  mature.  Flowering  and  fruiting 
throughout  the  year. 

late  of  growth:  Moderate. 

lature  height:  Highly  variable,  up  to  25  ft  (7.5  m)  under  optimum 
conditions. 

rown  diameter:  20  ft  (6  m). 

bmarks:    Native  to  Puerto  Rico  and  the  Virgin  Islands.  Propagated  by 
seeds  and  cuttings.  Male  and  female  flowers  are  on  different 
trees,  so  afemale  cutting  should  be  used  if  fruit  is  desired.  Fruit 
is  used  in  salads  and  makes  good  jelly. 
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Cocos  nucifera  L.  Palma  de  co : 

Family:  Palmae  Cocori 

Graceful  palm  that  is  one  of  man's  most  useful  plants. 

Uses:  Beach  areas,  rural  highways,  for  tropical  effect  in  gardens  ar I 

parks,  and  possibly  along  streets  if  the  leaves  and  nuts  are  ke I 
trimmed.  Most  effective  when  planted  in  groups. 

Features:  Grows  on  most  soils  but  does  best  on  sandy  soil  with  goo  I 
drainage,  withstands  salt  spray  and  strong  winds  and  ever 
inundation  by  salt  water  for  short  periods.  Also  grows  inlar: 
and  in  dry  areas  if  irrigated.  Can  often  withstand  hurricane! 
although  it  loses  its  leaves. 

Limitations:  Mature  leaves  and  nuts  must  be  kept  trimmed  for  safety? 
passersby,  and  trimming  can  be  a  problem  when  the  palrrr 
tall.  A  scale  insect  damages  the  leaves  and  is  difficult  to  contra 
after  the  palm  is  tall.  Lethal  yellowing,  for  which  no  cure  is  |j 
known,  has  decimated  palms  in  Florida  and  Jamaica.  It  has  nm 
yet  reached  Puerto  Rico,  but  it  is  advisable  to  plant  the 
disease-resistant  Malayan  dwarf  variety,  which  also  is  shon 
and  has  smaller  nuts. 

Description:  Usually  slender,  leaning  trunk  with  enlarged  base,  toppe? 
with  a  crown  of  feathery  leaves  at  the  base  of  which  are  lor: 
ivory-colored  inflorescences  and  the  familiar  coconuts. 
Flowering  and  fruiting  throughout  the  year. 

Rate  of  growth:  Moderate. 

Mature  height:  30  to  60  ft  (9  to  18  m)  or  more. 

Crown  diameter:  25  ft  (7.5  m). 

Remarks:    Probably  native  to  the  Indo-Malayan  region.  Propagated  b 
planting  the  nuts. 
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onocarpus  erecta  L.  var.  sericea  Forst.  ex  DC.  Mangle  boton 

amily:  Combretaceae  Silver  buttonwood 

pmal!,  silver-leaved,  salt-resistant  tree  for  confined  areas. 

Ises:  Beach  areas;  patios,  sidewalks,  and  other  areas  where  space 

is  limited;  also  as  a  hedge  or  screen  if  pruned. 

matures:  Grows  in  sand,  on  poor  soils  or  those  high  in  calcium,  and  on 
brackish  swampy  ground,  withstands  heavy  salt  blast  but  can 
also  be  grown  inland.  Considered  a  shore-builder  and  grows 
best  in  full  sun. 

imitations:  Nothing  serious. 

escription:  Leaves  leathery  and  slightly  fleshy,  covered  with  pale,  silky 
down  that  causes  the  silvery  appearance  of  this  variety.  (The 
typical  species  has  hairless,  yellow-green  leaves  and  grows  on 
the  landward  side  of  tidal  mangrove  swamp  forests  throughout 
Puerto  Rico  and  the  Virgin  Islands).  Flowers  minute  in  small 
clustered  greenish  balls.  Fruit  purplish-brown,  small,  rounded, 
and  conelike.  Flowering  and  fruiting  throughout  the  year. 

ate  of  growth:  Moderate. 

ature  height:  Varies  from  small  shrub  to  20  ft  (6  m). 

irown  diameter:  10  ft  (3  m). 

lemarks:    The  typical  species  is  native  to  Puerto  Rico  and  the  Virgin 
Islands,  and  the  silver-leaved  variety  was  developed  in  Florida. 
Propagated  by  hardwood  cuttings  or  air  layers.  For  best 
appearance  should  be  pruned  about  3  times  a  year  to  a  height 
of  about  1 5  ft  (4.5  m)  and  a  crown  diameter  of  about  1 0  ft  (3  m). 
Should  be  fertilized  after  pruning. 
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Cordia  alba  (Jacq.)  Roem.  &  Schult.  Cereza  blan<iij 

Family:  Boraginaceae  White  manjai  I 

Small,  flowering  tree  for  dry  areas. 

Uses:  Ornament  and  some  shade  around  houses,  also  for  living 

fences  if  planted  close  together. 

Features:  Grows  in  dry,  rocky  areas;  has  showy  whitish  to  pale-yellovi 
flowers;  fruits  are  good  for  wildlife. 

Limitations:  Fleshy  fruits  may  be  messy  when  they  fall. 

Description:  Leaves  and  twigs  hairy.  Flowers  in  erect  terminal  clusters  i ; 
to  1 0  inches  (25  cm)  wide.  Fruit  whitish  and  containing  a  whitisi 
pulp.  Flowering  and  fruiting  throughout  the  year. 

Rate  of  growth:  Moderate.  i 

Mature  height:  20  ft  (6  m). 

Crown  diameter:  20  ft  (6  m). 

Remarks:  Native  to  the  Virgin  Islands  and  probably  also  Puerto  Rico. >f 
Propagated  by  seeds.  A  related  species,  Cordia  obliqua  WilliiHj 
(cereza  blanca,  manjack),  with  leaves  only  slightly  toothed  ar.^ 
fruit  pinkish,  has  been  introduced  and  is  more  commonly  use^ 
as  an  ornamental  in  the  dry  areas  of  northeastern  Puerto  Rici 
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ibrdia  sebestena  L.  Vomitel  Colorado 

pmily:  Boraginaceae  Geiger-tree 

imall  tree  with  showy  flowers  for  dry  areas  and  near  the  shore. 

uses:  Gardens  and  patios;  along  streets  and  in  parking  lots  if  the 

lower  branches  are  pruned;  seashore  planting. 

Matures:  Dense,  compact,  rounded  crown  and  clusters  of  orange  or  red 
flowers.  Grows  on  brackish  and  sandy  or  alkaline  soils  as  well 
as  on  coral  rock  and  marl,  but  does  best  in  dry  areas  with  good 
drainage.  Withstands  wind  and  salt  spray.  Produces  flowers 
when  still  small  and,  after  long  dry  spells,  may  produce  a  flush 
of  bloom  lasting  up  to  a  month.  Requires  little  care  once 
established. 

limitations:  May  lose  its  leaves  during  extremely  dry  periods. 

Ascription:  Leaves  deep  green,  coarse,  and  somewhat  hairy.  Flowers 
trumpet-shaped  in  terminal  clusters.  Fruit  egg-shaped  and 
whitish.  Flowering  and  fruiting  throughout  the  year. 

late  of  growth:  Moderate. 

Ibture  height:  20  ft  (6  m). 

(rown  diameter:  15  ft  (4.5  m). 

lemarks:    Native  to  the  Caribbean  area  including  Central  America  and 
northern  South  America,  but  not  to  Puerto  Rico.  A  similar 
species,  Cordis  rickseckeh  Millsp.  (San  Bartolome',  manjack), 
is  native  to  Puerto  Rico  and  the  Virgin  Islands.  Propagated  by 
seeds,  cuttings,  and  air  layering. 
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Crescentia  cujete  L. 
Family:  Bignoniaceae 

Small  spreading  tree  with  large  gourd  fruit. 


Higiien 
Calabash-tr 


I 


Uses:  For  decorative  effect  in  yard. 

Features:  Grows  in  dry  areas  and  on  poor  soils  but  does  best  in  moifiij 
areas.  Open  foliage  makes  it  good  for  growing  hanging  orchid 
and  other  epiphytes.  Roots  will  not  damage  sidewalks. 

Limitations:  Flowers  have  bad  odor,  and  pulp  of  fruit  is  poisonous.  Sonvw 
times  attacked  by  a  leaf-webbing  caterpillar. 

Description:  Leaves  mostly  in  clusters  of  3  to  5  towards  the  ends  of  |l 
stout  twigs.  Flowers  bell-shaped,  light  green  streaked  with  l 
purple.  Fruit  green  to  brown  with  hard  shell  that  does  not  sppt 
open.  Flowers  and  fruit  borne  singly  directly  on  trunk  and 
branches.  Flowering  and  fruiting  throughout  the  year. 

Rate  of  growth:  Moderate, 

Mature  height:  20  ft  (6  m). 

Crown  diameter:  20  ft  (6  m). 

Remarks:    Native  to  Puerto  Rico  and  the  Virgin  Islands.  Propagated  m 
seeds  and  cuttings.  String  tied  around  the  fruits  while  they  an 
maturing  can  force  them  to  grow  into  various  shapes. 
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onix  regia  (Bojer)  Raf. 
nily:  Leguminosae 


Flamboyan 
Flamboyant-tree 
Royal  poinciana 

pliant  masses  of  long-lasting,  orange-red  flowers  on  spreading  crown. 

Jes:  Ornament  and  shade  in  parks  and  gardens  where  there  is  room 

for  such  a  spreading  tree,  often  planted  along  highways. 

intures:     One  of  the  world's  most  beautiful  flowering  trees.  Grows  on 
most  soils,  does  best  with  full  sunlight  and  a  dry  period  to 
induce  maximum  flowering. 

.hitations:  Trunk  develops  buttresses,  and  shallow  root  system  may 
damage  sidewalks,  walls,  or  buildings.  Usually  has  termite 
tunnels  and  nests  on  trunk  and  branches,  and  wounded  trees 
are  susceptible  to  termite  attack,  which  makes  them  more  liable 
to  wind  damage.  Sometimes  attacked  by  a  root  fungus  that  kills 
the  tree.  Also,  occasionally  defoliated  by  a  caterpillar. 

ascription:  Leaves  doubly  compound  with  many  small,  paired  leaflets; 
leafless  for  about  a  month  in  the  dry  season  until  shortly  before 
the  flowers  appear.  Flowers  in  6-  to  10-inch  (15-25  cm) 
clusters,  lasting  at  least  2  months.  Fruit  a  flat,  black,  woody 
pod.  Flowering  from  May  to  August  and  with  hanging  pods  most 
of  the  year. 

Ise  of  growth:  Rapid. 

Wure  height:  20  to  50  ft  (6  to  15  m). 

,rwn  diameter:  50  ft  (15  m). 

Icnarks:    Native  to  Madagascar  but  widely  planted  throughout  the 
tropics.  Propagated  by  seeds.  Dead  branches  should  be 
pruned  for  best  appearance,  and  trees  along  highways  are 
often  trimmed  to  arch  over  the  road.  A  less  common 
yellow-flowered  variety  exists. 
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Eugenia  malaccensis  L. 
Family:  Myrtaceae 


Manzana  mal;ii 

Maiay-ap 


Columnar  evergreen  for  ornament,  screening,  and  shade. 

Uses:  Good  for  confined  areas  because  crown  is  small  and  roots  rl 

troublesome. 
Features:     Grows  on  most  soils  but  does  best  on  good,  moist  soil.  Crowi 

dense,  with  purplish-red  flowers  and  reddish  fruits  borne 

behind  the  leaves. 
Limitations:  Nothing  serious. 
Description:  Leaves  dark  green  and  leathery.  Flowers  in  clusters, 

composed  of  a  mass  of  red  stamens  that  carpet  the  groum 

when  they  fall.  Fruit  pear-shaped  with  thin,  soft  skin;  edible  s 

with  rather  insipid  flavor.  Flowering  and  fruiting  throughout  ti 

year. 
Rate  of  growth:  Moderate. 
Mature  height:  15  to  40  ft  (4.5  to  12  m). 
Crown  diameter:  15  ft  (4.5  m). 
Remarks:    Native  to  Malaysian  area.  Propagated  by  seeds. 


*     ■               .'I 

I                        I 

fat 

2  in.  or  5  cm. 
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lbs  benjamina  L.  Laurel  de  Benjamina 

mily:  Moraceae  Benjamin  fig 

liyan-type  fig  with  small  leaves  and  evergreen  crown  spreading  more 

|i  twice  as  wide  and  tall. 

us:  Parks,  school  grounds,  wide  lawns,  and  similar  areas  where  a 

dense,  spreading  shade  tree  is  appropriate. 

etures:     Short  trunk  supporting  many  stout,  wide-spreading,  almost 
horizontal  branches  that  curve  nearly  back  toward  the  ground, 
with  wirelike  air  roots.  Air  roots  also  run  down  the  main  trunk  to 
form  a  mass  5  ft  (1 .5  m)  or  more  across  and  sometimes  extend 
across  the  ground.  Does  best  in  moist  areas. 
itations:  Needs  much  room  for  the  roots,  and  most  other  plants  or 
grass  will  not  grow  under  it  because  of  the  dense  shade.  Roots 
may  interfere  with  walks  and  other  structures,  and  will  grow  into 
sewer  pipes  and  septic  systems. 

ocription:  Leaves  dark  green  and  shiny.  Flowers  are  inside  the  fruits, 
which  are  dark  red  to  purplish  at  maturity.  Fruiting  in  spring  and 
fall.  Milky  latex  exudes  from  cut  parts. 

ate  of  growth:  Rapid  to  moderate. 

aure  height:  30  ft  (9  m)  or  more. 

rwn  diameter:  80  ft  (24.5  m). 

Sharks:  Native  to  southeast  Asia.  Propagated  by  air  layers.  Spread  of 
branches  and  roots  can  be  controlled  by  pruning,  to  which  it 
responds  better  than  Ficus  nekbuda. 


Ficus  nekbuda  Warb.  African  cloth-bark 

Family:  Moraceae 

Banyan-type  fig  with  large  leaves  and  dense  crown  wider  than  tall. 

Uses:  Shade  and  ornament  along  streets  and  highways  where  tj 

is  enough  room. 

Features:    Trunk  and  surrounding  air  roots  may  form  mass  5  ft  (1 .5  rr 
more  in  diameter,  forking  at  5  to  1 0  ft  (1 .5  to  3  m)  into  sew 
stout,  wide-spreading  branches  that  often  have  air  roots 
hanging  from  them.  Grows  in  most  soils  if  moisture  is  availab 
Tolerates  some  salt  spray. 

Limitations:  Needs  large  space  for  trunk  and  roots.  Loses  its  leave;: 
April,  and  this  plus  the  falling  fruits  in  May  and  June  may  ai 
a  litter  problem.  Sometimes  attacked  by  mealy  bugs.  Ro» 
may  interfere  with  walks  and  structures,  and  will  grow  inlit 
sewer  pipes  and  septic  systems. 

Description:  Leaves  crowded  at  ends  of  twigs,  dark  green,  stiff,  leatM. 
and  much  larger  than  those  of  Ficus  benjamina.  Flowers; 
inside  the  yellow-green  fruits,  which  are  clustered  near  tl 
ends  behind  the  leaves.  Milky  latex  exudes  from  cut  pari;' 

Rate  of  growth:  Moderate. 

Mature  height:  40  ft  (12  m). 

Crown  diameter:  60  ft  (18  m). 

Remarks:    Native  to  tropical  East  Africa.  Propagated  by  air  layers.  Size 
be  controlled  by  pruning.  A  related  tree,  the  "decora"  cultiv< 
Ficus  elastica  Roxb.  ex  Hornem  (palo  de  goma,  lndia-ru.: 
fig),  with  many  parallel  veins  in  the  leaves  and  long,  red  tern 
buds,  has  many  of  the  same  attributes  but  is  not  as  wid< 
suitable. 
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aiacum  officinale  L. 
mily:  Zygophyllaceae 


Guayacan 
Common  lignumvitae 


inse  green  foliage  and  blue  flowers  on  a  tree  for  confined  areas. 


es:  Ornament  and  screening  in  limited  spaces. 

atures:  Grows  naturally  on  dry  south  coast  of  Puerto  Rico,  and  does 
well  in  both  dry  and  moist  areas,  but  needs  dry  season  for  best 
flowering.  Dense,  rounded  crown  and  evergreen  habit  make  it 
good  for  screening  or  small  windbreaks. 

litations:  Nothing  serious  except  for  slow  growth  rate. 

scription:  Leaves  composed  of  2  to  3  pairs  of  dark-green  leaflets. 

Flowers  in  showy  clusters,  slightly  fragrant.  Fruit  orange-brown, 
flattened,  and  heart-shaped.  Flowering  and  fruiting  from  spring 
to  fall,  often  with  1  or  2  heavy  blooming  periods  each  lasting 
about  1  month. 

e  of  growth:  Slow. 

re  height:  15  to  30  ft  (4.5  to  9  m). 
wn  diameter:  20  ft  (6  m). 

marks:    Native  to  Puerto  Rico  and  the  Virgin  Islands.  Propagated  by 
seeds,  or  by  wildlings  that  require  extreme  care  in 
transplanting.  Because  of  slow  growth  rate,  seedlings  should 
be  grown  in  nursery  for  several  years  before  planting. 
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Guazuma  u  I  mi  folia  Lam. 
Family:  Sterculiaceae 

Fast-growing  shade  tree  for  dry  areas. 


Gua'c 
Jacoca 


Uses:  Shade  around  houses,  along  streets,  and  in  pastures. 

Features:     Hardy  in  both  dry  and  moist  areas,  but  grows  best  in  full  sunll 
where  moisture  is  available  in  dry  areas.  Can  be  used  in 
confined  areas  because  roots  are  not  troublesome.  Has 
spreading,  rounded  crown  of  long,  horizontal,  wide-spreaci 
branches. 

Limitations:  Fruits  may  be  a  temporary  litter  problem  in  lawns. 

Description:  Leaves  finely  saw-toothed,  hanging  vertically  at  night, 
evergreen  except  where  dry  season  is  severe.  Flowers 
inconspicuous  in  clusters  at  base  of  leaves.  Fruit  rounded 
black,  hard,  and  warty.  Flowering  from  March  to  October  <;i 
with  fruit  throughout  the  year.  $ 

Rate  of  growth:  Moderate. 

Mature  height:  50  ft  (15  m). 

Crown  diameter:  30  ft  (9  m). 

Remarks:    Native  to  Puerto  Rico  and  the  Virgin  Islands.  Propagatec 
seeds  or  wildlings.  Good  tree  for  dry  areas  because  it  gns 
slowly  and  develops  a  dense  crown.  In  wet  areas  it  becon 
straggly. 
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merstroemia  speciosa  (L.)  Pers. 
mily:  Lythraceae 


Reina  de  las  flores 
Queen-of-flowers 


Jlliant  masses  of  long-lasting,  purple  or  pink  flowers. 


es: 
atures 


Shade  and  ornament  in  parks,  gardens,  and  along  streets. 

Numerous  showy  flowers  cover  the  crown  for  about  2  months. 

Grows  in  most  soils  but  does  best  in  moist,  well-drained  soil, 

although  it  withstands  short  periods  of  flooding.  May  be  pruned 

to  keep  it  small. 
nitations:  Loses  some  of  its  leaves  during  dry  season  (or  all  of  them 

where  drought  is  severe)  and  looks  rather  ragged,  especially 

with  the  dry  fruit  capsules  remaining  on  the  tree. 
)scription:  Leaves  appear  to  be  in  2  rows  on  twigs.  Flowers  in  large 

terminal  clusters  above  the  leaves,  usually  purple  or  lavender, 

but  pink  on  some  trees.  Fruit  rounded  and  gray-brown. 

Flowering  from  May  through  October  and  with  fruits  maturing 

from  winter  to  summer. 
lie  of  growth:  Moderate. 
flture  height:  20  to  50  ft  (6  to  15  m). 
J>wn  diameter:  25  ft  (7.5  m). 
\ marks:    Native  to  Far  Eastern  area.  Propagated  by  seeds  or  cuttings. 

Seedlings  should  be  pruned  and  staked  to  develop  erect  stem. 

They  start  flowering  the  year  after  planting.  Fruit  capsules  can 

be  pruned  off  after  flowering  to  improve  appearance  and 

enhance  flowering  in  the  next  year. 
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Mammea  americana  L. 
Family:  Guttiferae 


Man 
Mammee-ap: 


Handsome,  columnar  evergreen  with  white  flowers  and  edible  fruit. 

Uses:  Shade,  ornament,  and  fruit  in  gardens  and  parks. 

Features:  Grows  in  poor  soils  if  moisture  is  available.  Has  erect  trunk  wl 
dense  crown.  Also  withstands  wind. 

Limitations:  May  become  too  large. 

Description:  Leaves  glossy  green,  thick,  and  leathery.  Flowers  large  a 
fragrant,  borne  on  twigs  mostly  i  n  back  of  the  leaves  and  lasti 
1  to  2  weeks.  Fruit  with  thick  skin  and  firm  bright  yellow  o 
reddish  flesh  with  white  sap.  Flowering  from  May  to  Octohii 
and  with  fruit  during  most  of  the  year.  Bark  contains  pale  yellchj 
latex. 

Rate  of  growth:  Slow. 

Mature  height:  20  to  65  ft  (6  to  20  m). 

Crown  diameter:  20  ft  (6  m). 

Remarks:  Native  to  Puerto  Rico.  Propagated  by  seeds  or  wildlings.  P 
can  be  eaten  raw  or  in  pies  and  preserves,  but  should  be  use  Ij 
moderation  because  various  parts  of  the  plant  are  poisonous  i 
guinea  pigs  or  insects.  Flowers  attract  bees. 

I 
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angifera  indica  L. 
amily:  Anacardiaceae 


Mango 


v 


ergreen  shade  tree  bearing  delicious  tropical  fruit. 


pes: 

I  matures: 


Shade  and  fruit  tree  around  houses  and  along  highways. 
Has  stout  trunk  and  dense,  round  crown.  Flowers  and  young 
leaves  are  attractive.  Grows  on  any  soil  and  withstands  wind. 

(imitations:  Fruit  flies  and  a  rust  fungus  on  the  flowering  branches  are  a 
problem  in  wet  areas.  Fallen  fruit  causes  litter  if  not  picked  up. 
Some  people  are  allergic  to  the  sap  and  break  out  with  a  rash 
around  the  mouth  and  on  the  face,  sometimes  just  from  being 
near  the  tree. 

Inscription:  Leaves  dark  green,  drooping  in  conspicuous  red-brown 

clusters  when  first  produced.  Flowers  fragrant,  yellow-green  to 
pink;  in  large,  showy  terminal  clusters.  Fruit  on  hanging  stalks, 
varying  in  size  and  color  and  quality  of  flesh.  Flowering  mainly 
from  winter  to  spring  and  with  fruits  maturing  from  May  to 
September. 
-fate  of  growth:  Moderate. 
Mature  height:  20  to  65  ft  (6  to  20  m). 

town  diameter:  40  ft  (12  m). 

fcmarks:    Native  to  tropical  Asia.  Can  be  propagated  by  seed,  but  budding 
or  grafting  is  recommended  to  get  superior  varieties  and 
varieties  resistant  to  diseases  and  insects.  Around  houses 
should  be  planted  in  backyard  to  avoid  stone  throwing  and 
pilferage  of  fruit.  Should  not  be  used  as  a  street  tree  unless 
arrangements  are  made  to  pick  up  the  fruit. 
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Manilkara  zapota  (L.)  v.  Royen  Nisperl 

Family:  Sapotaceae  Sapodil 4 

Evergreen  with  dense  crown  and  delicious  fruit;  good  for  dry  areas. 

Uses:  Shade,  ornament,  and  fruit  in  gardens  and  along  streets. 

Features:     Grows  in  most  soils  including  alkaline  soils  and  marl  hardpan , 
but  grows  best  on  sandy  loam  with  moderate  moisture. 
Withstands  drought  and  strong  winds. 

Limitations:  Root  system  may  spread  over  ground  in  shallow  soils.  Bat: 
relish  the  fruit  and  stain  building  walls  with  their  urine  when  the?* 
come  in  groups  to  feed.  So  near  limestone  hills  or  other  arS 
where  bats  are  common,  trees  should  not  be  planted  close ti! 
buildings. 

Description:  Leaves  shiny  green,  clustered  at  ends  of  twigs.  Flowers 
inconspicuous.  Fruit  brown  and  rough-skinned,  containing 
sweet,  juicy  pulp  that  is  eaten  raw  or  made  into  syrup  and  '  f 
preserves.  Flowering  and  fruiting  nearly  throughout  the  yea-: 
The  bark  yields  a  white  latex  that  is  the  chief  source  of  chewirf 
gum. 

Rate  of  growth:  Slow. 

Mature  height:  50  ft  (15  m). 

Crown  diameter:  20  ft  (6  m). 

Remarks:    Native  to  southern  Mexico  and  Central  America.  Propagated  b 
seeds,  or  by  grafting  and  budding  to  get  superior  varieties.  : 
Responds  well  to  pruning,  so  crown  can  be  shaped  to  keepi 
low  for  easy  fruitpicking. 
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tpntezuma  speciosissima  Sesse  +  Moc 
hmiiy:  Malvaceae 


Maga 

Urge,  red,  bel!-shaped  flowers  on  evergreen  that  is  Puerto  Rico's  own. 


Ues:  Shade  and  ornament  in  gardens. 

natures:     Grows  in  most  zones  and  on  most  soils  in  Puerto  Rico  if 

moisture  is  available. 
limitations:  Large  leaves  and  flowers  create  some  litter.  Branches  may 

break  in  strong  winds  but  grow  back  quickly. 
inscription:  Leaves  slightly  thickened  and  yellow-green.  Flowers  solitary 

at  leaf  bases,  only  one  at  a  time  opening  on  a  twig.  Fruit  green, 

fleshy  or  leathery,  rounded  and  pointed  at  tip.  Flowering  and 

fruiting  throughout  the  year. 
Ffrte  of  growth:  Moderate. 
I^ture  height:  30  to  50  ft  (9  to  15  m). 
Cown  diameter:  20  ft  (6  m). 
Remarks:    Native  only  to  Puerto  Rico.  Propagated  by  seeds  (which  lose 

their  viability  quickly)  and  cuttings.  Should  be  pruned  to  develop 

a  regular  crown;  pruning  also  enhances  flowering. 


Muntingia  calabura  L.  Capi 

Family:  Elaeocarpaceae 

Fast-growing  tree  for  ornament  and  shade  in  new  subdivisions. 

Uses:  Rapid  fill-in  and  quick  shade  for  new  or  open  areas,  should  | 

replaced  eventually  with  something  that  grows  more  slowly 
is  more  permanent. 

Features:  Grows  rapidly  in  full  sunlight,  adaptable  to  dry  soils  but  d< 
best  where  moisture  is  available.  Evergreen  with  long,  slen 
spreading  branches  and  many  lateral  twigs. 

Limitations:  Roots  will  grow  into  septic  systems  if  planted  too  close, 
many  fruits  may  be  a  litter  problem  and  will  stain  tile  or  cemn 
patios.  Strong  winds  may  break  branches  or  uproot  the  trr 

Description:  Leaves  alternate  in  2  rows  on  twigs.  Flowers  white,  1  to  35 
stalks  at  base  of  leaves.  Fruit  fleshy,  edible,  reddish  to 
yellowish.  Flowering  and  fruiting  throughout  the  year. 

Rate  of  growth:  Rapid.  Tree  only  lasts  about  10  years. 

Mature  height:  25  ft  (7.5  m). 

Crown  diameter:  25  ft  (7.5  m). 

Remarks:    Native  to  southern  Mexico,  Central  America,  and  part  of  tl 
West  Indies,  but  not  to  Puerto  Rico.  Propagated  by  cuttings 
6-ft  (2  m)  branch  about  1  inch  (2.5  cm)  in  diameter  will  grow 
be  a  20  by  20  ft  (6  by  6  m)  tree  covered  with  fruit  within  2  yei 
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yarkinsonia  aculeata  L.  Palo  de  rayo 

amily:  Leguminosae  Jerusalem-thorn 

Small,  spiny  tree  with  yellow  flowers. 

Jses:  Special  effects  where  a  small  tree  is  needed,  especially  in  dry 

and  coastal  areas.  Often  planted  along  roads  or  as  a  spiny  living 

hedge  or  fence, 
eatures:    Withstands  salt  spray  and  wind,  and  grows  well  on  poor,  dry,  or 

sandy  soil  if  soil  is  well-drained.  Open  growth,  feathery 

drooping  foliage,  and  yellow  flowers  make  striking  contrast. 
.imitations:  Thorns  on  stem  at  base  of  leaves.  Pods  may  cause  litter 

problem. 
description:  Leaves  consist  of  long,  yellow  or  blue-green  strips  bearing 

tiny  leaflets  that  soon  fall  off,  but  the  strips  and  green  bark  keep 

tree  looking  fresh  and  green.  Flowers  fragrant  and  showy  in 

loose  clusters.  Fruit  a  brown  pod  narrowed  between  the  seeds. 

Flowering  and  fruiting  throughout  the  year. 
late  of  growth:  Rapid.  Tree  lasts  only  about  15  years. 
lature  height:  10  to  20  ft  (3  to  6  m). 
rown  diameter:  10  ft  (3  m). 
emarks:    Native  to  Mexico  and  southwest  United  States.  Propagated  by 

seeds  or  cuttings.  Pruning  after  flowering  reduces  litter  from 

pods  and  improves  appearance. 


Peltophorum  inerme  (Roxb.)  Naves  Flamboyan  amaril! 

Family:  Leguminosae  Yellow  flamboyai 

Handsome,  spreading  tree  with  dense,  dark-green,  feathery  foliage  and  \ 

showy,  rusty-yellow  flowers. 

Uses:  Shade  and  ornament  for  gardens  and  lawns  and  along 

roadsides. 

Features:     Grows  on  both  moist  and  dry  soils.  Provides  good  shade  except 
in  dry  season  when  the  leaves  fall. 

Limitations:  Root  system  deep,  but  tree  is  so  large  that  it  may  be  bloww 
over  by  hurricane-force  winds.  Also,  because  of  spreading 
crown,  should  not  be  planted  close  to  structures. 

Description:  Leaves  doubly  compound  with  many  small  leaflets  that  do  no 
produce  much  litter.  Flowers  fragrant,  in  branched  terminal  I1 
clusters,  with  rusty-brown  hairs  on  twigs.  Fruit  a  flat 
reddish-brown  pod.  Flowering  from  April  to  September,  usuah 
at  least  twice  and  with  flowers  lasting  3  to  4  weeks  each  timeiji 
and  with  pods  on  tree  most  of  year. 

Rate  of  growth:  Rapid. 

Mature  height:  30  to  65  ft  (9  to  20  m). 

Crown  diameter:  40  ft  (12  m). 

Remarks:    Native  to  tropical  southeast  Asia.  Propagated  by  seeds. 

Flowers  can  be  cut  for  indoor  decoration.  Appearance  of  tree 
can  be  improved  by  light  pruning  to  remove  old  pods. 


66 


fthecellobium  arboreum  (L.)  Urban  Cojoba 

lamily:  Leguminosae 

bright  tree  with  spreading  crown  of  dark-green,  feathery  foliage. 

l;»es:  Shade  and  ornament  in  gardens  and  along  roads. 

natures:     Grows  in  good,  moist  soil  but  not  in  wet,  heavy  soils  or  in  very 

dry  areas.  Provides  medium  shade  except  during  the  dry 

season  when  it  loses  leaves  for  a  brief  period. 
Lmitations:  Should  not  be  planted  close  to  structures  because  roots  close 

to  the  surface  may  cause  problems. 
scription:  Leaves  doubly  compound  with  many  pairs  of  small  shiny 

leaflets  that  do  not  produce  much  litter.  Flowers  in  whitish 

puffballs  at  leaf  bases.  Fruit  a  coiled  or  curved  red  pod,  splitting 

open  to  expose  black  seeds  hanging  on  short  threads. 

Flowering  in  spring  with  pods  maturing  in  summer  and  flowering 

and  fruiting  again  in  fall. 
Fflte  of  growth:  Moderate. 
Miture  height:  30  to  50  ft  (9  to  15  m). 
Cown  diameter:  20  ft  (6  m). 
Remarks:    Native  to  Puerto  Rico.  Propagated  by  seeds,  which  must  be 

collected  and  sown  promptly  because  they  are  rapidly 

destroyed  by  weevils. 


Plumeria  rubra  L.  Frangipa 

Family:  Apocynaceae 

Fragrant,  waxy,  long-lasting  red  or  white  flowers,  used  for  garlands  anc 

decorations. 

Uses:  For  decorative  flowers  in  gardens,  courtyards,  patios, 

cemeteries,  planting  boxes,  and  other  restricted  areas. 

Features:     Grows  in  poor  soils  and  dry  conditions,  but  does  not  do  well  i  I 
poorly  drained  or  wet  areas.  Tolerates  some  salt  spray.  Haa! 
very  open  crown  of  few  stout,  fleshy,  spreading  branches. 
Flowers  when  very  young,  and  often  flowers  almost  all  yes* 
long  except  between  March  and  May. 

Limitations:  May  lose  its  leaves  for  up  to  2  months  during  dry  season- 
Milky  juice  is  reported  to  be  poisonous  in  large  quantities.  I 
large  caterpillar  sometimes  repeatedly  defoliates  this  tree,  aw) 
a  yellow  rust  on  the  leaves  may  also  cause  them  to  fall 
prematurely. 

Description:  Leaves  shiny  green,  crowded  at  apex  of  twigs.  Flowers  lajjl 
and  tubular,  in  flat-topped  terminal  clusters  with  center  flower 
opening  first.  Fruit  a  paired,  brown,  leathery  pod.  Flowering  ar: 
fruiting  nearly  throughout  the  year.  Milky  juice  flows  freely  frci 
cut  or  broken  stems.  i 

Rate  of  growth:  Rapid.  Tree  lasts  about  30  years. 

Mature  height:  15  to  25  ft  (4.5  to  7.5  m). 

Crown  diameter:  15  ft  (4.5  m). 

Remarks:  Native  to  southern  Mexico  and  Central  America,  but  widely 
cultivated  in  the  tropics.  Propagated  by  cuttings,  which  shoil' 
be  left  in  a  dark,  cool  spot  for  at  least  48  hours  before  plantin 
There  are  many  hybrids  and  varieties  of  this  species;  in  Puef  ( 
Rico,  trees  with  reddish  flowers  or  with  white  flowers  havinj 
yellow  centers,  are  most  common. 
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rocarpus  indicus  Willd.  Pterocarpus 

mily:  Leguminosae  India  padauk 

Ige  ornamental  and  shade  tree  with  a  dense,  broad  crown  of  drooping 

inches. 

Parks,  gardens,  and  avenues  where  there  is  room  for  the  roots. 
:  Grows  well  in  most  soils  but  does  best  in  deep,  well-drained 
soils  in  humid  areas.  Nearly  evergreen,  but  sheds  most  of  its 
leaves  for  a  short  time  in  the  spring. 

.hitations:  Although  it  has  a  deep  root  system  and  is  relatively  wind  firm, 
it  often  develops  superficial  roots  that  can  damage  sidewalks. 
The  dense  shade  keeps  most  other  plants  from  growing 
beneath  it.  The  falling  leaves  and  pods  may  cause  a  litter 
problem. 

Ascription:  Leaves  composed  of  7  to  11  leaflets,  shiny  green  to 

yellow-green.  Flowers  yellow,  pea-shaped,  fragrant,  in  showy 
lateral  clusters  but  lasting  less  than  a  week.  Fruit  a  round, 
flattened  pod  surrounded  by  a  wing;  green  at  first  but  turning 
brown  as  it  matures.  Flowering  in  June  and  July,  often  several 
times,  with  fruits  maturing  in  late  summer  but  remaining  on  tree 
most  of  year. 

Ire  of  growth:  Rapid. 

Mure  height:  60  ft  (18  m)  or  more. 

Hiwn  diameter:  45  ft  (13.5  m). 

s< narks:  Native  to  southeast  Asia.  Propagated  by  seeds  and  cuttings. 
Flowers  attract  bees.  Young  plants  often  have  poor  form  and 
need  staking  and  pruning  until  a  crown  develops.  A  related 
species,  Pterocarpus  macrocarpus  Kurz  (pterocarpus,  Burma 
padauk),  which  is  larger  and  has  larger  pods,  is  occasionally 
planted  in  Puerto  Rico. 
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Palma 
Puerto  Rico  royalp 


Roystonea  borinquena  0.  F.  Cook 
Family:  Palmae 

Puerto  Rico's  own  royalpalm  for  stately  effects. 

Uses:  Street  planting,  gardens,  parks,  and  roadsides.  Most  effeci 

when  several  are  planted  in  a  row  or  group. 

Features:  Grows  throughout  Puerto  Rico  on  most  soils  including  po I 
drained  ones,  but  needs  moisture. 

Limitations:  Old  leaves,  which  fall  off  complete  with  basal  sheath  3  i 
times  a  year,  can  be  dangerous  for  passersby  and  cars  in  pu  i: 
areas  and  may  present  a  disposal  problem. 

Description:  Tall  palm  with  smooth,  gray  trunk  constricted  above  base 
swollen  again  higher  up,  with  narrow,  light-green  column  of  1 4 
sheaths  below  spreading  crown  of  feathery  leaves.  Much- 
branched  inflorescence  arises  at  base  of  green  column  m 
bears  whitish  flowers  and  small,  brown  fruits.  Flowering  si 
fruiting  throughout  the  year. 

Rate  of  growth:  Moderate. 

Mature  height:  30  to  60  ft  (9-18  m). 

Crown  diameter:  25  ft  (7.5  m). 

Remarks:  Native  to  Puerto  Rico  and  St.  Croix.  Propagated  by  seed, 
related  species,  Roystonea  regia  (H.B.K.)  O.  F.  Cook  (pai 
real  cubana,  Cuban  royalpalm)  from  Cuba  has  a  tall  but 
swollen  trunk  and  is  also  sometimes  planted  in  Puerto  Ri: 
Another  palm  with  a  bulging  trunk,  Acrocomia  media  O.  F.  C I 
(corozo,  prickly  palm,  Puerto  Rico  acrocomia),  is  shorter  \ 
has  a  spine-covered  trunk  and  no  sheaths  below  the  leax 
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i  ix  babylonica  L. 
nily:  Salicaceae 


Sauce  Moron 
Weeping  willow 


5t-growing,  small  tree  with  weeping  effect  for  wet  areas. 


les:  Around  pools  and  streams  and  as  a  graceful  accent  in  gardens. 

citures:     Grows  best  in  low,  wet  areas;  withstands  periodic  flooding  and 

will  grow  in  dry  areas  if  watered  regularly.  Evergreen  except 

under  very  dry  conditions. 
hitations:  Root  system  is  shallow  and  will  clog  sewers  and  water  pipes. 
;•  I  Branches  easily  broken  by  wind. 

inscription:  Leaves  narrow,  with  slight  but  distinctive  odor  when  crushed; 

on  long,  slender  drooping  twigs.  Male  and  female  flowers  in 

catkins  on  different  trees,  but  apparently  not  flowering  in  Puerto 

Rico. 

le  of  growth:  Rapid.  Tree  lasts  only  about  15  years. 
Iture  height:  25  ft  (7.5  m). 
town  diameter:  20  ft  (6  m). 
cnarks:    Native  to  China.  Propagated  by  stem  cuttings,  easily  rooted 

and  transplanted. 
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Sterculia  apetala  (Jacq.)  Karst.  Anacagi 

Family:  Sterculiaceae  Panama-tti 

Tall  tree  with  large  trunk  and  dense,  wide-spreading  crown. 

Uses:  Shade  and  ornament  in  large  areas  and  along  roadsides. 

Features:  Grows  in  dry  climates  if  soil  is  deep  and  has  moisture.  Provido 
good  shade  and  crown  is  high  enough  to  let  breezes  blow* 
through  underneath. 

Limitations:  Needs  large  area  to  grow  in,  and  develops  large  root  systcr 
and  buttresses.  Pods  contain  irritating  hairs  when  they  mati  > 
Branches  are  somewhat  brittle  but  recover  quickly  after  wv 
damage. 

Description:  Leaves  palmately  lobed,  leathery  and  pleated,  densely  wcx 
on  underside.  Flowers  in  long,  branched  clusters;  bell-sha[^ 
and  yellow  tinged  with  red  or  purple.  Fruit  composed  of  53 
fewer  hard,  brown,  spreading  pods.  Flowering  in  spring  an:, 
often  again  in  summer  or  fall  for  about  1  month  each  time,  pcxi 
usually  maturing  in  spring. 

Rate  of  growth:  Moderate. 

Mature  height:  60  ft  (18  m)  or  more.  I 

Crown  diameter:  40  ft  (12  m)  or  more.  t 

Remarks:    Native  from  southern  Mexico  to  northern  South  America,  j 
Propagated  by  seeds.  A  related  species,  Sterculia  foetida\\ 
(anacaguita,  hazel  sterculia),  has  5  to  1 1  long-pointed, 
palmately-arranged  leaflets  and  reddish  or  purplish  flower 
whose  unpleasant  odor  makes  it  undesirable  as  an  ornamen  i 


wetenia  macrophylla  King  Caoba  hondurena 

enily:  Meliaceae  Broadleaf  mahogany 

Jtaight  trunk  and  dense  crown  for  shade  and  ornament. 

!:;s:  Gardens,  parks,  and  roadsides. 

eitures:     Grows  on  most  soils  if  moisture  is  available,  and  will  withstand 
drought  once  it  has  become  established. 

imitations:  Trunk  develops  buttresses  and  surface  roots,  so  should  not 
be  planted  close  to  buildings  or  sidewalks.  Also  suffers 
windthrow  or  breakage  from  hurricane-force  winds.  A  boring 
insect  kills  the  leading  shoots  of  young  trees,  but  the  damage 
can  be  minimized  by  pruning  to  develop  crowns  that  are 
bushier  and  better  for  shade. 

>#cription:  Leaves  with  6  to  1 2  pairs  of  dark-green,  shiny  leaflets.  Trees 
leafless  for  a  short  period  in  the  spring.  Flowers  fragrant  but 
inconspicuous.  Fruit  a  brown,  woody,  erect,  pear-shaped 
capsule.  Flowering  in  May  and  June  with  fruit  maturing  in  late 
fall. 

tab  of  growth:  Rapid. 

ljure  height:  60  ft  (18  m)  or  more. 

:rwn  diameter:  40  ft  (12  m). 

Jenarks:    Native  to  tropical  Central  and  South  America.  Propagated  by 
seeds  or  wildlings.  Produces  a  valuable  wood  for  furniture, 
veneer,  and  turned  articles. 


73 


Swietenia  mahagoni  Jacq.  Caoba  dominies 

Family:  Meliaceae  West  Indies  mahogan 

Dense-crowned  tree  for  dry  and  coastal  areas. 

Uses:  Shade  and  ornament  in  gardens  and  along  roads. 

Features:     Grows  on  a  wide  variety  of  soils  from  coral  rock  to  sand.  | 
Withstands  drought,  wind,  and  salt  spray.  Usually  has  a  sir 
trunk  and  spreading  crown. 

Limitations:  Although  it  does  not  grow  rapidly,  the  trunk  tends  to  devee 
buttresses  and  surface  roots,  so  should  not  be  planted  close 
buildings  or  sidewalks.  A  shootborer  damages  young  trees,  t  U 
is  not  a  serious  problem  in  Puerto  Rico  and  the  Virgin  Island 
although  it  is  in  Hispaniola. 

Description:  Leaves  with  4  to  1 0  pairs  of  shiny  green  leaflets.  Trees  leaflit 
a  short  time  in  the  spring.  Flowers  inconspicuous.  Fruit  a  dci 
brown,  woody,  erect,  pear-shaped  capsule.  Flowering  fror 
January  to  March. 

Rate  of  growth:  Moderate. 

Mature  height:  40  to  60  ft  (12  to  18  m). 

Crown  diameter:  40  ft  (12  m). 

Remarks:    Native  from  southern  Florida  to  Cuba,  Jamaica,  and 

Hispaniola.  Propagated  by  seeds.  Produces  one  of  the  worM 
premier  cabinet  woods.  A  natural  hybrid  between  this  spec  I 
and  Swietenia  macrophylla,  discovered  on  St.  Croix  and  't 
known  as  "medium-leaf"  mahogany,  is  faster-growing  anc  f 
therefore  a  better  choice  for  planting  except  in  very  dry  are  i! 
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iebuia  heterophylla  (DC.)  Britton  Roble  bianco 

anily:  Bignoniaceae  White-cedar 

rfuse,  showy,  pink  flowers  on  widely  adapted  native  species. 

£;s:  Ornament  around  houses  and  along  roads. 

eltures:    Grows  on  any  soil  type  and  is  particularly  well  adapted  to  poor 
or  degraded  soils  if  moisture  is  available.  Covered  for  2  to  4 
weeks  with  masses  of  flowers  in  the  spring  while  the  tree  is 
leafless  and  sometimes  again  in  the  fall.  Root  system  not 
troublesome  so  tree  can  be  planted  in  confined  areas. 

imitations:  Branches  often  deformed  to  a  "witches-broom"  appearance 
by  a  virus  transmitted  by  a  leaf  hopper.  This  insect  also  causes 
the  leaves  to  turn  yellow  and  fall  prematurely  during  long  dry 
spells. 

e  cri  ption :  Leaves  with  5  or  fewer  large,  palmately  arranged  leaflets  that 
are  usually  smaller  in  dry  areas.  Flowers  abundant  over  the 
crown  in  small  clusters,  each  only  lasting  a  few  days  and 
carpeting  the  ground  when  they  fall,  usually  pink  but  white  or 
purple  on  some  trees.  Fruit  a  dark-brown,  cigar-shaped  pod. 
Flowering  in  spring,  often  again  in  fall,  and  sporadically 
throughout  the  year,  and  with  fruit  all  year. 

9i  of  growth:  Slow. 

Japre  height:  60  ft  (18  m). 

n|/vn  diameter:  20  ft  (6  m). 

3iarks:    Native  to  Puerto  Rico  and  the  Virgin  Islands.  Propagated  by 
seeds  or  wildlings.  Young  trees  often  flower  within  1  or  2  years 
after  planting.  The  wood  has  been  used  for  construction  and 
furniture.  Because  of  the  witches-broom  disease,  Tabebuia 
rosea  (Bertol.)  DC.  (roble  venezolano,  pink  trumpet-tree), 
which  has  pink  to  reddish  flowers,  or  Tabebuia  glomerata 
Urban  (roble  amarillo,  yellow  poui),  which  has  yellow  flowers, 
may  be  preferable  if  they  are  available.  However,  they  are  not 
as  well  adapted  to  poor  soils. 


■   .  • 
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Tamarindus  indica  L.  Tamarirn 

Family:  Leguminosae  Tamar 

Dense,  feathery  foliage,  with  fruit  for  refreshing  drink. 

Uses:  Shade,  ornament,  and  fruit  in  gardens  and  parks. 

Features:     Grows  on  poor  soils  and  in  dry  areas,  also  in  wetter  areas  if 
soil  is  well  drained.  Has  wide  crown  that  casts  dense  shaal 
although  the  tree  may  lose  many  of  its  leaves  during  severe  <  i 
seasons.  The  pulp  in  the  pods  makes  a  refreshing  drink. 
Highly  resistant  to  wind. 

Limitations:  Pods  may  create  messy  litter.  The  dense  shade  keeps  rrt 
other  plants  from  growing  beneath  it.  Should  not  be  planti 
close  to  buildings  or  pavements  because  of  the  spreading 
crown  and  the  trunk,  which  eventually  gets  quite  large. 

Description:  Leaves  with  10  to  18  pairs  of  blue-green  leaflets.  Flowers 
small  clusters,  pale  yellow,  and  not  showy  except  from  cl:lj 
by.  Fruit  a  dark-brown  pod  constricted  between  the  seed;'. 
Flowering  from  spring  to  fall  and  fruiting  from  winter  to  spr 

Rate  of  growth:  Slow. 

Mature  height:  40  ft  (12  m).  I 

Crown  diameter:  30  ft  (9  m). 

Remarks:  Native  to  Old  World  tropics.  Propagated  by  seeds.  Growth 
seedlings  often  rapid  for  first  8  to  10  ft  (2.5  to  3  m). 
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tcoma  stans  (L.)  H.B.K. 
amily:  Bignoniaceae 

howy  yellow  flowers  on  small  tree  for  dry  areas. 


Roble  amarillo 
Ginger-thomas 


ses: 


Along  roadsides,  in  fences  and  privacy  screens,  and  similar 
places  where  a  small  tree  is  needed. 

matures:  Grows  almost  anywhere,  including  poor  soils,  but  does  best  in 
well-drained  soils  in  dry  areas  and  with  full  sun.  Often  more  of  a 
bush  than  a  tree,  with  small  clusters  of  long-lasting  flowers. 

Imitations:  Should  not  be  planted  close  to  buildings,  sidewalks,  or 

underground  utilities  because  the  roots  and  crown  spread  very 
quickly.  Should  be  pruned  after  flowering  to  restrain  the  spread 
and  to  maintain  dense  foliage  and  induce  further  flowering. 
Branches  somewhat  brittle  but  tree  recovers  quickly  after  wind 
damage. 
scription:  Leaves  with  5  to  13  saw-toothed  leaflets.  Flowers 
trumpet-shaped  and  slightly  fragrant.  Fruit  a  narrow, 
dark-brown,  cigar-shaped  pod.  Flowering  and  fruiting  nearly 
throughout  the  year. 

Fite  of  growth:  Rapid. 

toture  height:  10  to  25  ft  (3  to  7.5  m). 

town  diameter:  10  ft  (3  m). 

R.smarks:    Native  to  Puerto  Rico  and  the  Virgin  Islands;  official  flower  of 
the  U.  S.  Virgin  Islands.  Propagated  by  seeds  or  soft 
greenwood  cuttings.  Grows  best  when  young  and  should  be 
replanted  after  10  to  15  years. 


Terminalia  catappa  L.  Almendra 

Family:  Combretaceae  Indian-almond 

Large  leaves,  pagoda-like  branching,  and  edible  seeds. 

Uses:  Shade  and  ornament  along  roads  and  in  beach  areas. 

Features:     Grows  in  most  soils,  both  acid  and  alkaline,  as  long  as  moisture  a 
is  available,  and  withstands  salt  spray.  Leaves  turn  red  before 
falling.  Because  the  tree  loses  some  leaves  throughout  the 
year  and  nearly  all  in  March  or  April,  it  usually  has  at  least  som 
colored  leaves.  Erect  trunk  has  horizontal  branches  in  whorls 
different  levels. 

Limitations:  Should  not  be  planted  close  to  buildings  or  sidewalks 

because  the  trunk  becomes  buttressed.  Falling  leaves  and  fruit 
may  create  litter  problem.  Strong  winds  may  damage 
branches,  but  tree  recovers  quickly.  Insects  attack  the  leave: 
during  dry  weather,  causing  them  to  look  grayish  or  silvery  an 
to  fall  prematurely. 

Description:  Leaves  leathery  and  somewhat  shiny,  crowded  close 

together  near  ends  of  twigs.  Flowers  small  and  slightly  fragran 
in  long,  narrow  clusters.  Fruit  light  brown  and  slightly  flattened 
with  fibrous  husk  containing  edible  kernel  that  tastes  like 
almond.  Flowering  and  fruiting  nearly  throughout  the  year. 

Rate  of  growth:  Rapid. 

Mature  height:  50  ft  (15  m). 

Crown  diameter:  30  ft  (9  m). 

Remarks:    Native  to  East  Indies.  Propagated  by  seeds. 


i 


hespesia  populnea  (L.)  Soland. 
iamily:  Malvaceae 

mall,  yellow-flowered  tree  for  beaches  and  poor  soils. 


Emajagiiilla 
Otaheita 


ses: 


Ornament,  some  shade,  and  screening,  especially  near  the 
ocean  but  also  in  gardens  and  along  streets. 

eatures:  Highly  salt-resistant.  Will  grow  on  marl,  coral  rock  or  sand,  and 
on  sand  dunes,  pumped-in  fills,  and  swampy  areas.  Makes  a 
good  screen. 

limitations:  Sometimes  develops,  especially  in  dry  areas,  sprawling  lower 
branches  that  should  be  pruned  unless  the  tree  is  being  grown 
as  a  hedge. 

escription:  Leaves  heart-shaped  and  dark  shiny  green.  Flowers  pale 
yellow  with  purplish  base,  lasting  only  1  day  and  turning  all 
purple.  Fruit  hard  and  dry,  gray,  rounded,  5-ridged,  and 
flattened.  Flowering  and  fruiting  from  spring  to  fall. 
te  of  growth:  Rapid  to  moderate.  Tree  lasts  about  20  years. 

lature  height:  30  ft  (9  m). 

(rown  diameter:  15  ft  (4.5  m). 

remarks:    Probably  native  to  Old  World,  but  now  widely  planted  and 
naturalized  throughout  the  tropics.  Propagated  by  seeds,  or 
cuttings  of  semimature  wood.  Bark  is  very  fibrous  and  will  peel 
down  in  strips  if  pruning  is  not  done  carefully. 
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Appendix 

)ier  sometimes-planted  species  and  their  limitations: 

Anacardium  occidentale  L;  pajuil,  cashew  —  limited  adaptability  and 

slow  growth. 

Bambusa  vulgaris  Schrad.;  bambu,  common  bamboo  —  hard  to 

control  spread. 

Brassaia  actinophylla  Endl.;  scheflera,  umbrella-tree  —  form  not  very 

attractive  except  when  young,  needs  repeated  pruning. 

Calophyllum  inophyllum  L;  kamani  —  not  as  attractive  or  versatile  as 

Calophyllum  calaba  because  of  its  long  branches  and  heavy  crown. 

Cassia  fistula  L;  cahafistula,  golden-shower  —  when  not  in  flower, 

large  pods  and  straggling  branches  make  it  unattractive. 

Cochlospermum  vitifolium  (Willd.)  Spreng.;  rosa  imperial, 

Brazilian-rose  —  poor  form  and  unattractive  appearance  when  not  in 

flower. 

Cyathea  arborea  (L.)  J.E.  Smith;  helecho  gigante,  tree  fern  —  limited 

adaptability  because  it  needs  constant  moisture. 
Q\Enterolobium  cyclocarpum  (Jacq.)  Griseb.;  guanacaste,  earpod-tree 
I —  giant  tree  susceptible  to  root  disease. 
9  Ficus  lyrata  Warb.;  fiddle-leaf  fig.  —  considered  less  attractive  than 

Ficus  nekbuda. 
Q)Ficus  retusa  L;  laurel  de  la  India,  India-laurel  fig.  —  short-lived  and 

difficult  to  remove,  thrips  insects  deform  leaves  and  irritate  eyes  of 

people  beneath  crown. 

Gliricidia  sepium  (Jacq.)  Steud.;  mata-ratdn,  mother-of-cocoa  —  less 

attractive  than  Cassia  javanica,  form  shrubby  and  straggly. 
2.Jacaranda  mimosifolia  D.  Don;  jacaranda  —  does  not  generally  flower 

well,  needs  cooler  and  drier  climate  than  that  of  Puerto  Rico  and  the 

Virgin  Islands. 
^.Melaleuca  quinquenervia  (Cav.)  S.T  Blake;  cayeputi,  cajeput-tree 

— usually  has  very  scraggly  form. 
A.Melia  azedarach  L;  alelaila,  chinaberry  —  frequently  with  poor  form. 

poisonous. 
b.Pimenta  racemosa  (Mill.)  J. W.  Moore;  malagueta,  bay-rum-tree — very 

slow  growth. 
Q.pithecellobium  saman  (Jacq.)  Benth.;  saman,  raintree  —  large 

attractive  tree  but  very  susceptible  to  root  disease. 
7 '.'Plumeria  alba  L;  aleli,  milktree  —  less  attractive  than  Plumeria  rubra. 
3.  Sabal causiarum  (O.F.  Cook)  Beccari;  palmade  sombrero,  Puerto  Rico 

Dalmetto  —  slow  growth,  less  attractive  than  Roystonea  borinquena. 
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19.  Salixhumboldtiana  Willd.;  sauce,  Humboldt  willow  —  loses  vigor  aft 
few  years  and  then  has  poor  appearance. 

20.  Spathodea  campanulata  Beauv.;  tulipan  africano,  African  tulip  I 
— easily  broken  by  wind,  roots  may  damage  sidewalks  and  buildin 
sprouts  from  roots,  and  is  likely  to  seed  into  open  areas. 

21.  Tibouchina  granulosa  (Desr.)  Cogn.;  glorybush  —  widespread- 
adaptability  not  yet  proven. 
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:cia  amarilla 

34 

Buttonwood,  silver 

49 

-jcomia  media 

70 

:)Comia,  Puerto  Rico 

70 

Caimito 

44 

r;an  cloth-bark  tree 

56 

Cajeput-tree 

85 

nan  tuliptree 

86 

Calabash-tree 

52 

pila 

85 

Callistemon  citrinus 

39 

85 

Calophyllum  calaba 

40 

:z\a 

34 

Calophyllum  inophyllum 

85 

v.zia  lebbek 

34 

Cahafistula 

85 

:zia  procera 

34 

Caoba  dominicana 

74 

iia,  tall 

34 

Caoba  hondureha 

73 

riacigo 

38 

Capulin 

64 

r?ndra 

78 

Cashew 

85 

icaguita 

72 

Casia  rosada 

41 

'cardium  occidentale 
cicaria 

85 

Cassia  fistula 

85 

35 

Cassia  javanica 

41 

S'caria  heterophylla 

35 

Cassia,  pink 

41 

i  ralian  beefwood 

42 

Casuarina 

42 

Casuarina  equisetifolia 

42 

11  boo,  common 

85 

Cayeputi 

85 

u  bu 

85 

Ceiba 

43 

ubusa  vulgaris 

85 

Ceiba  pentandra 

43 

ihinia  blakeana 

36 

Cereza  blanca 

50 

minia,  butterfly 

36 

Chinaberry 

85 

ininia  monandra 

36 

Chrysophyllum  cainito 

44 

\pinia  variegata 

36 

Clusia  rosea 

45 

i|rum-tree 

85 

Cnidoscolus  aconitifolius 

46 

ftwood,  Australian 

42 

Coccoloba  uvifera 

47 

itamin  fig 

55 

Cochlospermum  vitifolium 

85 

lebrush 

39 

Coconut 

48 

asaia  actinophylla 

85 

Coconut,  Malayan  dwarf 

48 

ailian-rose 

85 

Cocos  nucifera 

48 

cdleaf  mahogany 

73 

Cojoba 

67 

'da  buceras 

37 

Common  bamboo 

85 

ida,  oxhorn 

37 

Common  lignumvitae 

57 

ma  padauk 

69 

Conocarpus  erecta  var.  sericea  49 

'tera  simaruba 

38 

Cordia  alba 

50 

itjrfly  bauhinia 

36 

Cordia  obliqua 

50 
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Cordis  rickseckeri 

51 

Guanacaste 

85 

Cordis  sebestens 

51 

Guayacan 

57 

Corozo 

70 

Guszums  ulmifolis 

58 

Crescentis  cujete 

52 

Cuban  royalpalm 

70 

Hazel  sterculia 

72 

Cupey 

45 

Helecho  gigante 

85 

Cysthes  srbores 

85 

Higuero 

52 

Hong  Kong  orchidtree 

36 

Delonix  regis 

53 

Humboldt  willow 

86 

Earpod-tree 

85 

India-laurel  fig 

85 

Emajaguilla 

79 

India-rubber  fig 

56 

Enterolobium  cyclocsrpum 

85 

India  padauk 

69 

Eugenis  mslsccensis 

54 

Indian-almond 

78 

False-mamey 

40 

Jacaranda 

85 

Fern,  tree 

85 

Jscsrsnds  mimosifolis 

85 

Ficus  benjsmins 

55 

Jacocalalu 

58 

Ficus  elsstics  cultivar  decora 

56 

Jerusalem-thorn 

65 

Ficus  lyrsts 

85 

Ficus  nekbuds 

56 

Kamani 

85 

Ficus  retuss 

85 

Fiddle-leaf  fig 

85 

Lsgerstroemis  specioss 

59  J 

Fig,  benjamin 

55 

Laurel  de  Benjamina 

55  ■ 

Fig,  fiddle-leaf 

85 

Laurel  de  la  India 

85  i 

Fig,  India-laurel 

85 

Lignumvitae,  common 

57/ 

Fig,  India-rubber 

56 

Flamboya'n 

53 

Maga 

63 

Flamboyan  amarillo 

66 

Mahogany,  broadleaf 

733 

Flamboyant-tree 

53 

Mahogany,  medium-leaf 

74 

Flamboyant,  yellow 

66 

Mahogany,  West  Indies 

74 

Frangipani 

68 

Malagueta 

85 

Malay-apple 

541 

Geiger-tree 

51 

Malayan  dwarf  coconut 

48- 

Ginger-thomas 

77 

Mamey 

60 

Gliricidis  sepium 

85 

Msmmes  smericsns 

60 

Glorybush 

86 

Mammee-apple 

60 

Golden-shower 

85 

Msngifers  indies 

61  i 

Grape,  sea 

47 

Mangle  botdn 

49' 

Gregre 

37 

Mango 

61  | 

Guacima 

58 

Msnilksrs  zspots 

62  ' 

Gusiscum  officinsle 

57 

Manjack 

50  :f 

88 


anjack,  white 

50 

Pithecellobium  saman 

85 

inzana  malaya 

54 

Plumeria  alba 

85 

aria 

40 

Plumeria  rubra 

68 

wriposa 

36 

Poinciana,  royal 

53 

»jita-ratdn 

85 

Poor-man's-orchid 

36 

^dium-leaf  mahogany 

74 

Poui,  yellow 

75 

^laleuca  quinquenervia 

85 

Prickly  palm 

70 

Ilia  azedarach 

85 

Pterocarpus 

69 

i/ktree 

85 

Pterocarpus  indicus 

69 

dntezuma  speciosissima 

63 

Pterocarpus  macrocarpus 

69 

/ther-of-cocoa 

85 

Puerto  Rico  acrocomia 

70 

intingia  calabura 

64 

Puerto  Rico  palmetto 

85 

Puerto  Rico  royalpalm 

70 

Jiipero 

62 

Jfj-folk-  Island-pine 

35 

Queen-of-flowers 

59 

khidtree,  Hong  Kong 

36 

)i:hidtree,  pink 

36 

Raintree 

85 

-)i  heita 

79 

Reina  de  las  flores 

59 

)norn  bucida 

37 

Roble  amarillo 

75,77 

Roble  bianco 

75 

elauk,  Burma 

69 

Roble  venezolano 

75 

clauk,  India 

69 

Rosa  imperial 

85 

■Bji,  prickly 

70 

Royalpalm,  Cuban 

70 

■anna  de  coco 

48 

Royalpalm,  Puerto  Rico 

70 

:ana  de  sombrero 

85 

Royal  poinciana 

53 

ana  real 

70 

Roystonea  borinquena 

70 

ana  real  cubana 

70 

Roystonea  regla 

70 

^ainetto,  Puerto  Rico 

85 

a>  de  goma 

56 

Sabal  causiarum 

85 

.aj  de  orquideas 

36 

Salix  babylonica 

71 

A)  de  rayo 

65 

Salix  humboldtiana 

86 

aama-tree 

72 

Saman 

85 

aayuelo 

46 

San  Bartolome 

51 

ajil 

85 

Santa-maria 

40 

itlinsonia  aculeata 

65 

Sapodilla 

62 

ihphorum  inerme 

66 

Sauce 

86 

mnta  racemosa 

85 

Sauce  llordn 

71 

d  cassia 

41 

Scheflera 

85 

n  orchidtree 

36 

Sea  grape 

47 

ni  trumpet-tree 

75 

Silk-cotton-tree 

43 

thcellobium  arboreum 

67 

Silver  buttonwood 

49 
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Spathodea  campanulata  86 

Star-apple  44 

Sterculia  apetala  72 

Sterculia  foetida  72 

Sterculia,  hazel  72 

Swietenia  macrophylla  73 

Swietenia  mahagoni  74 

Tabebuia  glomerata  75 

Tabebuia  heterophylla  75 

Tabebuia  rosea  75 

Tall  albizia  34 

Tamarind  76 

Tamarindo  76 

Tamarindus  indica  76 

Tecoma  stans  77 

Terminalia  catappa  78 

Thespesia  populnea  79 

Tibet  34 

Tibouchina  granulosa  86 

Tree  fern  85 


Trumpet-tree,  pink 

75 

Tulipan  africano 

86 

Tuliptree,  African 

86 

Turpentine-tree 

38 

Ucar 

37 

Umbrella-tree 

85 

Uva  de  playa 

47 

Vomitel  Colorado 

51 

Weeping  willow 

71 

West  Indies  mahogany 

74 

White-cedar 

75 

White  manjack 

50 

Wild-mammee 

45 

Willow,  Humboldt 

86 

Willow,  weeping 

71 

Yellow  flamboyant 

66 

Yellow  poui 

75 
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Changes  in  Wood  Processing  and  Use  Have  Influenced 
the  Likelihood  of  Beetle  Infestations  in  Seasoned  Wood 


Lonnie  H.  Williams 
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Experiment 
Station 


SUMMARY 

Fewer  houses  are  being  built  with  crawl  spaces  and  more  houses  have 
central  heating  and  air-conditioning,  so  the  number  of  anobiid  beetle  in- 
festations should  decline.  The  likelihood  of  lyctid  infestations  in  domestic 
hardwoods  has  been  decreased  by  improved  processing  and  marketing,  but 
increased  imports  of  tropical  hardwoods  likely  will  increase  the  frequency  of 
infestations.  More  imports  of  unseasoned  hardwood  crates,  pallets,  and 
dunnage  also  may  increase  the  probability  of  bostrichid  infestations.  Incidence 
of  infestations  by  old  house  borers  probably  will  change  little.  Trends  in  wood 
use  suggest  the  present  nationwide  incidence  of  wood-destroying  beetle  in- 
festations in  structures  ranks:  anobiids,  lyctids,  old  house  borers,  and 
bostrichids.  Rankings  of  anobiids  and  lyctids,  however,  probably  will  be 
reversed  in  the  near  future.  Lyctids  already  create  the  greatest  replacement 
expense. 
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Changes  in  Wood  Processing  and  Use  Have  Influenced 
the  Likelihood  of  Beetle  Infestations  in  Seasoned  Wood 


Lonnie  H.  Williams 


INTRODUCTION 

Many  beetle  species  in  the  families  Anobiidae, 
Lictidae,  Bostrichidae,  and  Cerambycidae  infest 
3«iSoned  wood  during  processing  or  use.  Beetles 
aieach  family,  however,  usually  need  wood  of 
[liferent  types  or  in  different  conditions  to 
siccessfully  infest  it.  Depending  upon  the  type  of 
txjitle  involved  and  how  the  wood  is  stored, 
pilcessed,  finished,  or  used,  infestations  may 
Dcjur  during  processing,  manufacturing,  and 
mrketing,  or  years  after  wood  is  in  use.  Also, 
titiause  infested  wood  is  sometimes  used  for 
fiifshed  products,  infestations  often  occur  where 
acilt  beetles  would  not  be  present  to  start  them  or 
ivfere  temperature,  moisture,  and  other  factors 
ar  not  favorable. 

iFor  each  beetle  family  I  discuss  how  changes 
intood  processing  and  manufacturing  technology 
an  in  supply  and  demand  have  affected  the 
iklihood  of  beetle  infestations  and  needs  for 
prvention  or  control. 

ANOBIIDAE 

editions  Influencing  Infestations 

Many  anobiid  species  attack  seasoned  hard- 
wod  and  softwood.  In  the  south,  Xyletinus 
peatus  (Harris)  is  the  most  common  beetle  that 
inlsts  wood  in  use  (Williams  and  Smythe  1978). 
Oibuildings  and  improperly  stored  lumber  are 
ocusionally  infested,  but  most  infestations  begin 
wrn  adult  beetles  fly  to  exposed  wood  in  crawl 
spikes  beneath  houses.  In  crawl  spaces  beetles 
fin  moderate  temperatures  and  high  relative 
huudities,  conditions  that  favor  infestation. 
Duing  mid- April  through  September— when 
adit  X.  peltatus  beetles  are  emerging,  mating, 
layig  eggs,  and  small  larvae  are  establishing 


themselves  „  in  wood— ambient  temperatures  in 
crawl  spaces  on  the  Mississippi  Gulf  Coast 
usually  are  23-29°C  and  relative  humidities  are 
70-90  percent.  So,  emergence  and  infestation  are 
synchronized  with  favorable  conditions  (Williams 
and  Waldrop  1978). 

The  likelihood  of  an  anobiid  infestation 
depends  primarily  on  whether  unfinished  wood  is 
exposed  in  a  damp  environment  such  as  a  crawl 
space.  Among  crawl  spaces,  the  likelihood  and 
particularly  the  severity  of  infestations  are  in- 
fluenced by  species,  density,  and  moisture  of 
wood,  and  by  reconstituted  products  such  as 
plywood.  Wood  moisture  in  crawl  spaces  varies 
with  local  climates,  annual  rainfall,  surface  water 
drainage,  soil  moisture,  ventilation,  and  use  of 
heating,  air-conditioning,  soil  covers,  and  in- 
sulating materials  with  vapor  barriers. 

Changes  Influencing  Infestations 

Construction  Type. —In  11  southern  States, 
the  number  of  single-family  dwellings  with  crawl 
spaces  was  about  700,000  less  in  1970  than  in  1960 
because  more  houses  with  crawl  spaces  were 
demolished  than  were  built  (table  1).  In  1970, 
however,  there  were  about  590,000  more  houses 
with  basements  and  about  3,000,000  more  with 
slabs. 

In  houses  with  slab  or  full  basement  con- 
struction, infestations  of  Anobiidae  are  rare 
because  unfinished,  untreated  wood  is  not  ex- 
posed for  beetles  to  attack.  So,  about  47  percent 
of  all  houses  essentially  are  "immune"  to  anobiid 
beetle  attacks  (table  1).  The  number  of  crawl 
spaces  declined  in  all  States  but  North  and  South 
Carolina.  Apparently,  many  new  houses  with 
crawl  spaces  are  still  being  built  in  these  two 
States  and  also  in  Arkansas,  Georgia,  and 
Tennessee  (table  1).  Construction  in  coastal  areas 
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of  most  States  where  high  humidity  favors 
anobiids  probably  parallels  that  observed  in 
Mississippi;  though  many  new  houses  are  being 
built,  most  are  on  slabs. 

Many  new  houses  are  being  built  with  so- 
called  log-kit  construction.  Houses  built  from 
these  kits  have  a  conventional  crawl  space  with 
presawn,  unseasoned  southern  pine  logs  for  the 
walls  above  it.  Although  logs  may  receive 
momentary  dip -treatments  before  use,  un- 
finished, untreated  wood  will  later  be  exposed  by 
shrinking  and  cracking  as  the  logs  dry.  Until 
treatments  giving  effective  long-term  protection 
are  devised,  such  houses  seem  very  susceptible  to 
infestations  of  anobiids  and  other  beetles  or  to 
decay. 

Central  Heating  and  Air-conditioning.  —In 
the  11  States,  the  percentage  of  occupied 
structures  with  central  heating  increased  from 
13.5  percent  in  1960  to  31.4  percent  in  1970, 
ranging  from  about  21  percent  in  Mississippi  to  43 
percent  in  North  Carolina.  For  these  years  the 
percentage  of  occupied  structures  with  central  air- 
conditioning  increased  14.2  percent,  houses  with 
room  units  increased  18  percent,  and  those  with 
no  air-conditioning  declined  from  81.7  percent  in 


1960  to  49.7  percent  in  1970  (table  2).  Central 
cooling  and  heating  systems  are  being  installed  in 
most  new  homes  constructed  today,  and  room 
units  and  central  systems  also  are  being  installed 
in  older  homes.  Central  cooling  or  heating  reduces 
the  humidity  in  a  house,  so  the  wood  moisture 
content  is  reduced  below  the  critical  level  for 
infestation  by  X.  peltatus  beetles.  Therefore, 
most  infestations  should  be  confined  to  crawl 
spaces  or  at  least  limited  in  their  severity  above 
the  first  floor. 

With  many  heating  and  cooling  systems, 
insulation  is  now  being  added  between  floor  joists 
in  many  crawl  spaces,  where  improper  placement 
of  vapor  barriers  could  cause  high  wood  moisture, 
which  favors  anobiid  infestations.  Detection  and 
treatment  of  such  infestations  would  be  difficult 
and  expensive.  But  if  one  installs  soil  covers  when 
adding  insulation,  moisture  problems  can  be 
avoided  (Amburgey  1978). 

Type  of  Wood  Used.  —Of  all  houses  in  the  11 
States  by  1970,  about  69  percent  were  built  before 
1959  and  about  27  percent  (4.3  million)  before 
1940  (table  3).  Limited  construction  of  houses  on 
slabs  before  1940  and  existence  of  only  1.2  million 
houses  with  basements  by  1960  suggests  most  of 


Table  I.  —Number  of  single- family  dwellings  in  each  of  11  southern  States  in  1970;  number  with  basement, 
percentage  change  from  1960  for  each  foundation  type;  and  percentage  of  each  type  in  1970 

slab,  or  crawl  space; 

Total  dwellings 

Basements 

Slab 

Crawl  i 

space 

State 

No. 

Change 
(%) 

No. 

Change 
(%) 

No. 

Change 
(%) 

No. 

Change 

Alabama 

1,114,845 

15.2 

160,677 

59.8 

272,630 

95.2 

681,538 

-  6.7 

Arkansas 

672,967 

14.7 

52,260 

69.6 

143,807 

132.6 

476,900 

-  3.6 

Florida 

2,490,838 

41.0 

82,237 

164.3 

1,606,803 

92.3 

801,798 

-13.5 

Georgia 

1,466,687 

25.4 

304,813 

71.9 

359,802 

106.9 

802,072 

-  2.0 

Louisiana 

1,146,105 

17.1 

34,701 

63.6 

421,044 

143.2 

690,360 

-13.6 

Mississippi 

697,271 

10.9 

35,103 

88.3 

152,969 

157.4 

509,199 

-  8.2 

North  Carolina 

1,619,548 

22.4 

387,055 

40.4 

313,579 

103.8 

918,914 

+  2.9 

Oklahoma 

937,815 

15.0 

102,872 

16.2 

316,661 

91.0 

518,282 

-  8.3 

South  Carolina 

804,858 

18.6 

88,438 

57.6 

148,561 

74.5 

567,859 

+  5.7 

Tennessee 

1,297,000 

19.6 

368,753 

33.7 

329,316 

54.2 

598,931 

-  5.2 

Texas 

3,809,086 

20.8 

131,486 

62.8 

1,769,854 

121.7 

1,907,746 

-19.1 

Totals  and  Means 

16,057,020 

22.0 

1,748,395 

33.8 

5,835,026 

106.5 

8,473,599 

-  7.7 

[ble  2.  —  Use  of  room  or  central  air-conditioning  in  occupied  single-family  dwellings  in  1960  and  1970  in  11  southern  States 


No.  occupied  dwellings 

Method  of  cooling l 

Central  air 

Room  unit(s) 

No 

air 

State 

1960 

1970 

1960 

1970 

1960 

1970 

1960 

1970 

v  bama 

884,116 

1,114,791 

2.6 

15.2 

14.1 

33.8 

83.3 

51.0 

Kansas 

523,442 

672,970 

2.1 

14.9 

11.8 

31.6 

86.1 

53.5 

'Hda 

1,550,414 

2,490,777 

2.8 

23.3 

15.4 

37.1 

81.8 

39.6 

itrgia 

1,070,325 

1,466,625 

1.7 

15.4 

10.6 

27.6 

87.7 

57.0 

Xjisiana 

892,344 

1,145,973 

3.0 

20.2 

20.1 

38.6 

76.9 

41.2 

liissippi 

568,070 

697,210 

1.7 

13.5 

14.0 

34.0 

84.3 

52.5 

Jc;h  Carolina 

1,204,715 

1,619,279 

1.1 

8.9 

7.7 

23.8 

91.2 

67.3 

/kihoma 

734,593 

937,827 

3.5 

18.9 

26.2 

39.7 

70.3 

41.4 

<ji,h  Carolina 

603,551 

804,817 

1.4 

11.0 

10.7 

29.1 

87.9 

59.9 

e.iessee 

1,003,301 

1,296,928 

2.0 

12.2 

18.5 

40.3 

79.5 

47.5 

'ais 

2,778,116 

3,808,916 

5.1 

27.8 

25.3 

36.4 

69.6 

35.8 

laans 

2.4 

16.6 

15.8 

33.8 

81.7 

49.7 

Nmber  of  dwellings  with  each  type  expressed  as  a  percent  of  total  dwellings  occupied  in  1960  and  1970. 


?&h  3.  —Age  distribution  in  1970  of  single- family  dwellings  in  11  southern  States 


State 


Total  No. 
dwellings  in  1970 


Percent  of  total  dwellings  in  each  age  group 


0-10  years 

11 -20  years 

21-30  years 

31  +  years 

29.6 

23.0 

16.8 

30.6 

29.5 

19.0 

18.4 

33.1 

41.2 

31.5 

12.4 

14.9 

34.2 

22.5 

14.7 

28.6 

28.3 

24.6 

18.8 

28.3 

29.4 

20.2 

17.6 

32.8 

30.8 

22.0 

15.6 

31.6 

26.2 

20.9 

15.4 

37.5 

31.5 

22.7 

15.8 

30.0 

30.1 

22.4 

16.2 

31.3 

30.5 

27.4 

18.2 

23.9 

31.2 

24.9 

16.2 

27.0 

Uaiima 
Vrkisas 
rloila 
ieo;ia 

,  lana 
»lisMsippi 
>Jort  Carolina 
)klaoma 
iout  Carolina 
?enrssee 

rex8i 

1 
Ted  and  Means 


1,114,845 

672,967 

2,490,838 

1,466,687 

1,146,105 

697,271 

1,619,548 

937,815 

804,858 

1,297,000 

3,809,086 

16,057,020 


the  4.3  million  houses,  now  40  or  more  years  old, 
have  crawl  spaces.  Thus,  about  half  of  the  crawl- 
space  houses  existing  in  1970  were  constructed 
with  very  dense  lumber  from  large  mature  trees 
and  should  not  be  severely  damaged  by  anobiid 
beetles  (Williams  and  Smythe  1978,  Williams  and 
Barnes  1979).  Most  of  the  remaining  crawl  spaces, 
particularly  those  constructed  between  1940  and 
1959,  contain  fast  grown  southern  pine  with  much 
springwood,  the  main  food  of  X.  peltatus  in  pine 
(Williams  1977).  Such  houses  are  most  likely  to  be 
severely  infested. 

Housing  surveys  by  Phelps  (1966,  1971)  and 
unpublished  observations  from  house  inspections 
made  by  Williams  and  Smythe  suggest  that  wood 
and  wood  products  other  than  southern  pine  often 
are  present  in  recent  crawl-space  construction. 
For  example,  western  conifers  are  often  used  for 
wall  studs  and  sometimes  for  floor  joists.  Also, 
reconstituted  wood  products,  particularly 
plywood,  are  often  used  for  sheathing  and  sub- 
flooring.  Apparently,  X.  peltatus  beetles  cannot 
successfully  infest  southern  pine  or  Douglas-fir 
plywood  that  contains  synthetic  resin  glues 
(Williams  and  Mauldin  1974). l  Also,  in  limited 
tests, 2  western  conifers  were  not  infested  by  X. 
peltatus;  significantly,  this  beetle's  distribution 
does  not  include  states  where  western  conifers 
grow  (Simeone  1962). 

Outlook  for  Prevention  and  Control 

If  trends  continue  for  foundation  construction, 
wood  products  consumption,  and  central  cooling 
and  heating  systems  usage,  then  the  number  of 
anobiid  beetle  infestations  should  decline.  This 
trend  and  the  limited  capabilities  of  these  beetles 
for  causing  damage  suggest  expensive  preventive 
measures  are  not  warranted.  Infestations  are 
usually  confined  to  softwood  floor  joists  and 
subflooring  where  remedial  control  can  be 
achieved  after  infestations  are  detected  and 
usually  before  replacement  of  damaged  wood  is 
needed  (Williams  and  Smythe  1978,  Williams  and 
Barnes  1979).  But  uncontrolled  infestations  may 
become  inaccessible  in  walls  and  exposed  damage 
(exit  holes)  may  occur  within  living  areas  when 
houses  have  severe  moisture  problems  (Williams 
1973). 


1  Williams,  Lonnie  H.,  and  Joe  K.  Mauldin.  Unpublished  data 
from  study  No.  FS-SO-2205-11.367  (on  file  For.  Sci.  Lab., 
Gulfport,  Miss.) 

2  Williams,  Lonnie  H.  Unpublished  test  data  (on  file  For.  Sci. 
Lab.,  Gulfport,  Miss.). 


Because  infestations  are  inaccessible  i 
because  the  only  approved  insecticide  giv 
residual  control  (0.5  percent  lindane  ws 
emulsion  registered  in  about  26  states)  cannot 
used  indoors,  expensive  tent  fumigations 
done.  To  provide  inexpensive  controls  appropri 
for  anobiid  beetle  damage  capabilities,  si 
residual  insecticides  for  application  in  living  ar 
and  control  by  wood  moisture  reduction  n 
evaluation. 


LYCTIPAE 

Conditions  Influencing  Infestations 

Lyctid  beetles  only  attack  hardwoods  tl 
have  at  least  3  percent  starch  and  pores  la 
enough  for  the  insertion  of  eggs.  As  wood  1 
after  tree  felling,  it  loses  starch  by  respiration  t 
becomes  less  susceptible.  Any  finish  such  as  pa 
or  varnish  that  fills  wood  pores  will  prevent  e, 
laying.  Lyctid  beetles  therefore  are  primal 
found  where  unfinished  hardwoods  i 
manufactured  or  distributed,  or  in  hardwc 
products  that  have  been  in  use  or  storage  for  1 
than  5  years  (Bletchly  1960,  Gerberg  1957).  M 
lyctid  infestations  are  introduced  within  str 
tures  by  the  use  of  infested  products.  1 
likelihood  of  infestation  varies  with  sup] 
sources  and  species  of  hardwoods  and  with  use 
preventive  procedures  during  manufacturi 
These  procedures  include  a  sterilization  step 
kiln  schedules  to  kill  larvae  in  incoming  sto 
inspection  for  infestations,  first-in /first-out  st( 
rotation,  good  woody ard  cleanliness  includi 
frequent  chipping  or  burning  of  scraps,  and  usi 
softwood  (coniferous)  stickers  and  palli 
(LaFage  and  Williams  1979). 

Changes  Influencing  Infestations 

Although  a  reference  (USD A  1941)  on 
prevention  and  control  of  lyctids  in  militi 
operations  suggests  these  beetles  once  cau! 
serious  problems  for  domestic  hardwood  c 
sumers,  this  is  no  longer  true.  Now  most  domes 
hardwoods  are  kiln  dried,  a  process  which, 
properly  done,  kills  all  insects  within  wood.  Ki 
dried  wood  often  is  dipped  in  water -repelli 
sealers  that  close  pores  and  prevent  egg-layi 
Susceptible  domestic  woods  such  as  ash,  wh 
oak,  pecan,  and  walnut  have  become  so  valua 
that  they  are  used  primarily  as  veneers.  Dryi 
and  gluing  of  veneers  also  helps  prevent  attack 


/oods  that  otherwise  might  be  susceptible.  On  the 
fhole,  improved  processing  and  transportation 
echnology  has  minimized  lyctid  beetle  damage  in 
omestic  hardwoods. 

Domestic  hardwood  production  has  declined 
nd  millwork,  molding,  plywood,  and  veneer  are 
o  longer  listed  as  major  uses  of  domestic  hard- 
oods.3  For  example,  production  of  domestic 
lardwood  plywood  and  veneer  declined  50  percent 
om  1950  to  1974  (Phelps  1975).  To  obtain 
lentiful  supplies  of  raw  hardwoods,  U.S. 
ianufacturers  now  rely  on  imports  from  Africa, 
sia,  Latin  America,  and  Southeast  Asia.  From 
)50  to  1974,  imported  hardwood  lumber  trade 
licreased  by  about  67  percent  and  imports  of 

trdwood  plywood  and  veneer  increased  about  30- 
d  (Phelps  1975,  Stone  and  Dickerhoof  1977).  In 
'  576,  the  United  States  imported,  mostly  from 
■autheast  Asia,  about  594,560  m2  of  hardwood 
jvwood,  veneer,  and  hardboard  valued  at  cost  of 
■[out  $440  million.  About  1,368,800  m3  of  solid 
Hrdwood  products  such  as  lumber,  flooring,  and 


moldings,  valued  at  about  $129.6  million  were 
imported,  with  more  than  half  from  Asia  and  the 
rest  mostly  from  Latin  America.4 

As  in  England  and  Germany  where  iyctid 
infestations  frequently  result  from  the  im- 
portation of  tropical  hardwoods  (Bletchly  1960, 
Cymorek  1977),  concomitant  increases  in  lyctid 
infestations  and  damage  will  probably  result  from 
the  increasing  volume  and  variety  of  hardwood 
imported  into  the  United  States.  Included  among 
the  lyctid-susceptible  woods  commonly  being 
imported  are  the  light-colored,  low-density  woods 
with  high  starch  content  such  as  banak  {Virola 
spp.),  meranti  or  lauan  (Shorea  spp.),  and  obeche 
(Tripoxylon  scleroxylon  K.  Schum.).  Such  woods 
are  now  used  for  millwork,  molding,  picture 
frames,  paneling,  plywood  core  stock,  or  specialty 
products  such  as  shoe  heels,  and  may  contain 
lyctid  infestations  (fig.  1,  2,  3).  Imported  hard- 
woods are  particularly  vulnerable  to  lyctid  attacks 
because  adult  beetles  are  present  during  most  of 
the  year  in   the   tropics.    Also,    untreated,    un- 


I  3|refrath,  B.  C.  (n.d.)  The  use  of  benzene  hexachloride  in  the 
)  suthern  hardwood  lumber  industry.  Natl.  Manuf.  Prod. 
.. /isn.,  Washington,  D.C. 


4 Potter,  P.  M.  1978.  Personal  correspondence  to  J.  P. 
LaFage,  La.  State  Univ.,  Baton  Rouge,  La.  Imported 
Hardwood  Prod.  Assn.  Rep  on  imported  hardwood  statistics 
for  1976. 


Figure  1.— Door  facings  of  banak  heavily  infested  hv  L.  brunneus. 
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Figure  2.  —  A  three-ply  parana  pine  door  panel  imported  from  Brazil  with  extensive  damage  by  L. 
brunneus  beetles  in  the  unidentified  hardwood  inner  core. 


Figure  3.— Shoes  imported  from  Taiwan  with  extensive  lyctid  beetle  damage  in  the  wooden  heel. 
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finished,  air-dried  wood  is  sometimes  stored  for  6 
months  or  more  during  transporting,  processing, 
and  marketing. 

Quarantine  inspections  of  hardwood  imports 
at  ports-of-entry  do  not  necessarily  insure  that 
lyctid  infestations  will  be  detected  and  treated. 
Infestations  of  eggs  and  small  larvae  are  not  likely 
to  be  detected  because  no  external  damage  shows. 
Also,  because  most  tropical  hardwood  imports  are 
semimanufactured  and  containerized,  inspection 
is  often  limited  to  external  surfaces  of  packaged 
lumber  and  bundles  containing  200  veneer  sheets 
or  furniture  squares.  Most  importantly,  the  main 
purpose  of  quarantine  is  to  prevent  entry  of  exotic 
pests,  not  to  limit  the  distribution  of  pests  already 
established  or  their  damage.  For  example,  though 
Lyctus  brunneus  (Stephens)  is  the  species  most 
frequently  infesting  tropical  hardwood  imports 
according  to  Bletchly  (1960),  Cymorek  (1977),  and 
my  own  records,  infestations  detected  at  ports  are 
not  treated  by  quarantine  because  this  beetle  is 
established  in  the  United  States. 

Outlook  for  Prevention  and  Control 

Because  tropical  hardwood  imports  may 
double  by  the  year  2000  (USDA  1976),  lyctid 
infestations,  damage,  and  remedial  control 
problems  will  increase  unless  quarantine 
requirements  change  for  imports  of  hardwoods  or 
unless  hardwood  importers  and  manufacturers 
use  preventive  treatments  on  raw  imports  and 
manufactured  products.  To  prevent  attack  of 
domestic  hardwoods  and  spreading  of  infestations 
when  domestic  and  imported  woods  are  stored 
together,  preventive  treatments  would  have  to  be 
applied  to  all  susceptible  domestic  and  foreign 
woods.  Although  the  incidence  of  infestations 
may  not  seem  to  warrant  the  additional  expense, 
widely  applied  prevention  is  important  because 
remedial  controls  often  are  limited  to  replacement 
of  high -valued  products  or  tent  fumigation.  And 
combined  costs  of  performing  such  controls,  wood 
loss,  and  litigation  over  damage  liability  are  very 
expensive. 

Insuring  that  preventive  treatments  are 
properly  applied  to  tropical  hardwoods  in  foreign 
countries  or  that  all  hardwoods  are  treated  would 
be  expensive  (and  perhaps  impossible)  so  a 
system  of  prevention  for  individual  firms  needs  to 
be  developed.  The  system  would  combine 
sterilization  of  wood  by  kiln-drying  or  microwave 
heating  with  inexpensive  chemical  treatments 
giving  permanent  protection  of  products  made 


from  sterilized  wood.  Because  prevention  would 
not  always  be  done,  safe,  inexpensive  remedial 
controls  also  are  needed  for  use  within  structures. 


BOSTRICHIDAE 
Conditions  Influencing  Infestations 

Most  wood-infesting  bostrichids  also  attack 
recently  processed  hardwoods  with  high  starch 
content,  but  their  attacks  are  not  restricted  to 
wood  with  large  pores.  Most  native  bostrichids 
lay  eggs  in  bark  on  wood  with  a  moisture  content 
above  30  percent.  Most  infestations  occur  while 
hardwoods  are  being  air -dried,  and  many  are 
found  in  firewood.  A  few  native  species  infest 
coniferous  woods  and  their  larvae  occasionally 
survive  in  air -dried  structural  timbers.  An  ex- 
ception is  the  leadcable  borer  {Scobicia  declivis 
[LeConte]);  females  bore  short  tunnels  for  egg 
laying  and  infestations  occur  in  lead  sheathing  of 
cables  and  dry  wood  such  as  wine  casks  (Ebeling 
and  Rierson  1973,  Fisher  1950).  Tropical  species 
within  the  genera  Heterobostrychus  and  Sino- 
xylon  also  lay  eggs  in  short  tunnels  bored  into 
bare  wood  and  are  very  destructive  to  recently 
processed  hardwoods,  particularly  unseasoned 
crates  and  pallets  (Bletchly  1967) .  Once  the  wood 
dries,  however,  reinfestation  is  rare. 

Changes  Influencing  Infestations 

The  likelihood  of  native  bostrichids  damaging 
domestic  hardwood  products  has  been  minimized 
by  improved  processing  and  transportation  tech- 
nology. Of  all  wood-infesting  insects,  however, 
bostrichids  are  most  frequently  intercepted  by 
U.S.  quarantine  officials  (Williams  and  La  Fage 
1979).  The  most  commonly  occurring  species  are 
Heterobostrychus  aequalis  (Waterhouse) ,  Sino- 
xylon  anale  Lesne,  and  S.  conigerum  Gerstaker. 
Many  infestations  are  in  crating,  pallets,  and 
dunnage  which  are  included  with  all  types  of 
import  cargo.  Because  the  volume  of  such  cargo 
has  increased  greatly,  some  undetected  bostrichid 
infestations  are  surely  entering  the  country. 


Outlook  for  Prevention  and  Control 

The  greatest  danger  may  be  introduction  of  a 
tropical  species  that  can  attack  native  hardwood 
trees,   especially  weakened  ones.   At  least   two 


species,  Dinoderus  minutus  Fabricius  (Baker 
1972)  and  H.  aequalis,  are  established  in  the  south 
(USD A  1967,  Woodruff  1967).  Since  its  discovery 
in  1967  at  Fort  Lauderdale,  Florida,  H.  aequalis 
seems  to  be  spreading  rapidly.  Specimens  have 
been  collected  from  throughout  Florida,  Georgia, 
and  northward  to  North  Carolina. 5 

Preventive  measures  taken  for  lyctid  beetles 
would  also  prevent  bostrichid  infestations  in 
manufactured  products,  but  prevention  of 
bostrichids  entering  with  general  cargo  will 
depend  on  quarantine  procedures. 


CERAMBYCIDAE 


house  borer  mating,  egg  hatching,  and  feeding  are 
higher  than  for  anobiids  and  the  minimum  wood 
moisture  requirement  is  lower  (Becker  1942,  Berry 
1972,  Durr  1956),  severe  infestations  can  occur  in 
attics,  especially  when  shade  lowers  the  tempera- 
ture and  lack  of  adequate  ventilation  increases 
moisture. 

Although  this  large  beetle  is  potentially  very 
damaging,  damage  is  usually  slight  in  an  occupied 
house  where  central  systems  control  temperature 
and  humidity,  if  no  other  moisture  problems  exist 
(Moore  1978a).  But  initial  infestations  such  as  in 
exposed  ceiling  beams  can  cause  extensive 
damage.  Therefore,  the  public  often  desires  the 
immediate  control  given  by  fumigation  even 
though  the  structural  damage  likely  to  occur  does 
not  warrant  the  expense  (Moore  1978b). 


Conditions  Influencing  Infestations 


The  old  house  borer  {Hylotrupes  bajulus  L.)  is 
the  major  cerambycid  pest  of  seasoned  wood. 
Although  the  old  house  borer  was  introduced  into 
the  United  States  before  1841  (St.  George  et  al. 
1957),  its  distribution  remains  largely  confined  to 
the  Atlantic  Coast  States  from  Florida  to 
Massachusetts.  Temperature  apparently  is  a 
limiting  factor  because  adult  flight  is  rare  below 
25°C  and  30°C  is  optimum  (Cymorek  1968).  Other 
cerambycids  occasionally  occur  in  ash,  pecan,  and 
other  recently  seasoned  furniture  stock. 
Arhopalus  spp.  occasionally  infest  air-dried 
western  conifer  lumber.  Of  these  minor  pests,  only 
Smodicum  cucujiforme  (Say)   infests  dry  wood. 

The  old  house  borer  mainly  attacks  southern 
pine,  spruce,  and  Douglas-fir— woods  usually 
used  for  structural  frameworks.  A  high  nitrogen 
level  in  wood  favors  infestations  and  old  house 
borers  prefer  to  attack  freshly  processed  wood. 
Infestations  are  often  introduced  into  structures 
when  infested  materials  are  used  in  construction. 

Attacks  in  existing  structures  are  influenced 
by  the  same  factors  that  affect  the  Anobiidae. 
Because  optimal  temperatures  (28-30°C)  for  old 


Changes  Influencing  Infestations 

Fewer  crawl  spaces  are  being  built,  and  many 
roof  trusses  are  being  prefabricated  with  wood 
treated  with  temporary  water  repellents.  Such 
prefabrication  minimizes  the  time  that  kiln-dried 
wood  is  exposed  to  egg- laying  females  during 
construction.  So  the  number  of  infestations 
should  decline,  though  the  present  increase  in  the 
inspection  of  attics  by  pest  control  firms  may 
suggest  an  opposite  trend. 

Most  softwood  lumber  is  currently  kiln-dried, 
but  higher  energy  costs  may  lead  to  more  air- 
drying  of  wood  and  thereby  increase  the  likelihood 
of  infestations.  Also,  increased  use  of  insulation  in 
attics  and  crawl  spaces  will  make  discovery  and 
treatment  of  infestations  more  difficult  (Moore 
1978c). 


5Williams,  Lonnie  H.  1977.  Personal  correspondence  with  Dr. 
Phil  Koehler,  Extension  Entomologist,  Univ.  Fla.  (On  file 
For.  Sci.  Lab.,  Gulfport,  Miss.) 


Outlook  for  Prevention  and  Control 

Because  the  old  house  borer  has  not  greatly 
extended  its  range  westward  in  more  than  150 
years  since  its  introduction,  it  seems  unlikely  that 
the  number  of  infestations  will  greatly  increase. 
More  thorough  inspections  within  its  present 
range  may  suggest  so  however. 

Expense  of  preventing  old  house  borers,  other 
than  by  using  kiln-dried  wood  in  construction, 
should  not  be  warranted  (Moore  1978a,c). 
Pretreatment  of  log-kit  construction,  however,  is 
an  exception  and  should  be  done.  Also,  safe, 
inexpensive  remedial  controls  need  to  be 
developed  so  expense  of  fumigating  limited  in- 
festations can  be  avoided. 
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The  Wood  and  Bark  of  Hardwoods  Growing 

on  Southern  Pine  Sites  — 

A  Pictorial  Atlas 

Charles  W.  McMillin  and  Floyd  G.  Manwiller 


INTRODUCTION 

Hardwoods  glowing  on  southern  pine  sites'  constitute  a  vast  forest 
resource  of  about  49  billion  cubic  feet.  Twenty-three  species  or  species 
groups  (table  1)  comprise  about  90  percent  of  the  resource  with  11  oaks 
alone  accounting  for  49.1  percent.  Of  the  oaks,  all  are  members  of  the 
red  oak  group  except  post  oak,  chestnut  oak,  and  white  oak,  which  are 
members  of  the  white  oak  group.  The  entire  resource  is  typically  small 
in  diameter,  slow  in  growth,  and  low  in  quality.  For  these  and  other 
reasons,  few  existing  processes  can  economically  convert  significant 
volumes  to  useful  forest  products. 

Yet,  most  economists  agree  that  to  meet  future  needs  southern  forests 
must  yield  substantially  more  wood  than  they  do  now.  Research  under- 
way at  the  Southern  Forest  Experiment  Station  and  elsewhere  is  devel- 
oping new  processes  that  will  use  these  neglected  pine-site  hardwoods 
and  thus  greatly  extend  the  nation's  timber  supply. 

The  purpose  of  this  paper  is  to  provide  a  pictorial  description  of  the 
wood  and  bark  of  the  pine-site  hardwood  resource.  A  scanning  electron 
microscopy  technique  (Manwiller  1975a,  McMillin  1977)  was  used  to 
depict  the  anatomy  of  the  radial,  tangential,  and  transverse  wood  sur- 
faces in  a  single  three-dimensional  presentation.  Color  photographs  of 
the  three  surfaces  and  of  the  bark  provide  additional  visual  data  useful 
in  both  product  development  and  species  identification.  Data  on  the 
resource  and  certain  important  physical  properties  of  thestemwood  and 
bark  are  also  tabulated  for  most  of  the  23  species. 

An  overview  of  hardwood  structure  is  provided  as  introductory  read- 
ing. Detailed  discussions  of  wood  anatomy  and  characterization  of  in- 
dividual species  may  be  found  in  more  comprehensive  texts  (Panshin 
and  de  Zeeuw  1970;  Core,  Cote,  and  Day  1979).  Readers  interested  in  an 
illustrative  monograph  of  the  living  tree  should  also  find  Southern 
Forest  Experiment  Station,  General  Technical  Report  SO- 15,  "Identi- 
fying Hardwoods  Growing  on  Pine  Sites"  a  useful  source  (Brown  and 
Grelen  1977). 


'For  purposes  of  this  paper,  pine  sites  are  defined  as  forested  uplands,  excluding  those 
growing  cove- type  hardwoods,  capable  of  growing  southern  pine  as  demonstrated  by 
present  or  former  occurrence  on  the  site. 


Table  1.  -  The  hardwood  resource  on  southern  pine  sites,  ranked  according  to  percent- 
age of  total  hardwood  volume 

Common  name  Botanical  name  Percent1 


Sweetgum '-....   Liquidambar  styraciflua  L.               13.2 

White  oak Quercus  alba  L.     12.3 

Hickory Carya  spp.     8.5 

Southern  red  oak Quercus  falcata  Michx.  var.  falcata  8.1 

Post  oak Quercus  stellata  Wangenh.      7.0 

Yellow-poplar Liriodendron  tulipifera  L.     7.0 

Black  tupelo Nyssa  sylvatica  Marsh.      .  .  5.5 

Water  oak Quercus  nigra  L.      4.7 

Chestnut  oak Quercus prinus  L. 4.2 

Black  oak Quercus  velutina  Lam.     4.0 

Scarlet  oak Quercus  coccinea  Muenchh. 3.6 

Red  maple Acer  rubrum  L.      3.6 

Northern  red  oak Quercus  rubra  L.      2.4 

Laurel  oak Quercus  laurifolia  Michx.  1.4 

American  elm Ulmus  americana  Lil  j  4 

Winged  elm Ulmus  alata  Michx./ 

Cherrybark  oak Quercus  falcata  Michx.  var.  pagodaefolia  Ell.  1.2 

Green  ash Fraxinus  pennsylvanica  Marsh.\  o 

White  Ash      Fraxinus  americana  L.  J 

Sweetbay Magnolia  virginiana  L.      .6 

Shumard  oak Quercus  shumardii '  Buckl. .2 

Hackberry Celtis  spp.      .1 

Other  hardwoods 

including  Blackjack  oak     (Quercus  marilandica  Muenchh. ) 10.1 

TOTAL [[[  100.0 

'Percentages  were  derived  from  Staff.  For.  Resour.  Res.  Work  Unit  ( 1976). 


OVERVIEW  OF  HARDWOOD  STRUCTURE 

How  the  cellular  structure  of  wood  is  organized  can  best  be  under- 
stood from  study  of  three  surfaces  —  transverse,  tangential,  and  radial. 
Figure  1-A  shows  a  portion  of  a  hardwood  stem  with  an  enlarged  bark- 
to-pith,  wedge-shaped  section  removed.  The  wedge  (IB)  locates  the 
three  study  surfaces  and  illustrates  their  orientation  within  the  stem. 

Between  the  wood  (xylem)  and  the  bark,  a  sheath  of  tissue  called  the 
cambium  repeatedly  produces  new  layers  of  wood  and  inner  bark.  These 
layers  increase  stem  diameter.  Some  cells  (parenchyma)  of  the  newly 
formed  xylem  perform  living  functions,  but  most  die  during  the  year 
they  are  formed.  These  dead  cells  have  a  rigid  cell  wall  and  a  cavity, 
called  a  lumen,  where  the  living  protoplasm  was  during  cell  formation. 


McMillin  is  Principal  Wood  Scientist,  Southern  Forest  Experiment  Station,  Forest  Ser- 
vice —  USDA,  Pineville,  Louisiana.  Manwiller  is  Professor  of  Wood  Science  in  the  De- 
partment of  Forestry  at  Iowa  State  University,  Ames,  Iowa. 
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Fig.  1  —  Photograph  showing  orientation  of  study  surfaces  within  a  hardwood  stem. 


That  portion  of  xylem  containing  some  living  cells  (parenchyma)  is 
termed  sapwood  (fig.  1-A).  The  transformation  from  sapwood  to  heart- 
wood  occurs  when  all  physiological  functions  of  the  sapwood  xylem 
cease.  At  that  time,  food  reserves  stored  in  parenchyma  cells  are  con- 
verted to  extractives  which  make  the  heartwood  of  many  species  darker 
than  their  sapwood. 

Heartwood  may  resist  insect  and  fungal  attack  better  than  sapwood. 
But,  the  presence  of  extractives  and  certain  anatomical  structures  (i.e., 
tyloses)  may  make  heartwood  less  permeable  than  sapwood  and  impair 
preservation,  drying,  and  pulping  processes. 

The  scanning  electron  microscope,  because  of  its  great  depth  of  field, 
enables  one  to  observe  all  three  study  surfaces  simultaneously  in  their 
proper  spatial  relationship  and  at  sufficient  magnification  to  see  certain 
important  anatomical  features.  Figure  2  shows  a  scanning  electron 
micrograph  of  Shumard  oak.  The  surfaces  depicted  in  figure  2  are  viewed 
from  the  direction  of  the  pith  (as  indicated  by  the  arrow  in  figure  1-B). 
The  study  surfaces  are  further  identified  by  the  hatched  lines  on  the 
cube  in  figure  1-B. 

Broad-leaved,  deciduous  hardwoods  are  anatomically  more  complex 
(as  are  all  hardwoods)  than  coniferous  softwoods  because  they  are  com- 
posed of  more  cell  types.  Several  structures  readily  distinguish  the  two 
groups.  Notably,  hardwoods  have  vessels  (fig.  2)  —  structures  that  con- 
duct water  within  the  stem.  Also,  the  radial  alignment  of  cells  charac- 
teristic of  softwoods  is  lacking  or  obscured  in  hardwoods.  Lastly,  hard- 
wood rays  are  more  variable  in  width  and  height  than  those  of 
softwoods.  Hardwood  rays  are  frequently  two  or  more  cells  wide  and 
mav  be  as  wide  as  30  or  more  cells  in  oaks. 

The  terms  "hardwoods"  and  "softwoods"  do  not  necessarily  reflect 
the  hardness  of  the  wood.  For  example,  yellow-poplar,  a  "hardwood,"  is 
softer  and  more  easily  indented  than  Pacific  yew,  a  "softwood." 

In  figure  2,  the  transverse  surface  shows  portions  of  two  annual 
growth  increments  consisting  of  both  earlywood  and  latewood.  Early- 
wood  is  that  portion  of  the  annual  ring  produced  in  the  spring,  and 
latewood  is  formed  towards  the  end  of  the  growing  season.  The  major 
anatomical  elements  and  structures  identified  in  figure  2  are  discussed 
in  subsequent  text.  The  reader  is  also  directed  to  micrographs  of  other 
species  in  the  section  on  "Species  Illustrations,  Resource,  and  Selected 
Properties." 


Fibers 

Fibers  (slender,  elongated  cells  with  pointed,  closed  ends)  are  oriented 
vertically  in  the  stem,  parallel  to  its  long  axis.  Because  of  their  thick 
walls  and  small-diameter  lumens,  fibers  appear  at  low  magnification  to 
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Fig.  2— Scanning  electron  micrograph  of  Shumard  oak  cube. 


be  background  tissue  to  other  cell  types  in  both  earlywood  and  latewood 
(transverse  surface  of  fig.  2).  Several  different  fiber  types  exist  but  are 
difficult  to  categorize,  so  separation  is  not  attempted  in  this  paper. 

Fibers  support  the  stem  and  are  the  most  numerous  anatomical  ele- 
ment, comprising  about  45  percent  of  the  stemwood  volume  of  the 
species  surveyed.  Average  lengths  vary  from  0.8  mm  in  red  maple  to  1.8 
mm  in  black  tupelo  (Manwiller  1974). 

From  the  standpoint  of  hardwood  utilization,  fibers  give  strength  to 
solid  wood  products  and  are  the  principal  component  of  paper  and  other 
products  derived  from  pulp. 


Vessels 

Vessels  are  structures  of  indeterminant  length  and  are  composed  of  a 
series  of  short  cells,  the  vessel  members  (elements),  whose  end  walls 
have  partially  disappeared,  forming  a  vertical  tube.  Vessel  openings  in 
both  earlywood  and  latewood  are  clearly  visible  on  the  transverse  sur- 
face of  figure  2,  and  vessel  members  may  be  seen  on  the  tangential 
surface  where  vessels  have  been  cut.  For  the  species  considered  here, 
vessels  comprise  about  20  percent  of  the  cell  volume  although  values 
range  from  11.2  percent  for  cherrybark  oak  to  46.2  percent  for  sweet- 
gum. 

The  partial  end  wall  remaining  between  two  adjacent  vessel  members 
is  a  perforation  plate,  and  the  opening  is  a  perforation.  In  most  species 
considered  here  (the  ashes,  elms,  hackberry,  hickory,  red  maple,  and 
oak),  vessel  members  are  joined  by  simple  perforation  plates— large 
round  openings  with  only  a  narrow  rim  remaining  from  the  original 
wall.  Vessel  members  and  simple  perforation  plates  are  easily  seen  on 
the  radial  surface  of  the  green  ash  cube  (p.  12). 

In  sweetbay,  sweetgum,  black  tupelo,  and  yellow-poplar,  vessel  mem- 
bers are  joined  through  scalariform  (ladderlike)  perforation  plates 
where  barlike  remnants  of  the  end  wall  separate  long,  slender,  parallel 
perforations.  This  type  of  perforation  plate  is  most  clearly  visible  in  cut 
vessels  on  the  radial  surface  of  sweetgum  (p.  52). 

Vessels  are  also  called  pores.  If  vessels  are  all  of  about  the  same 
diameter  across  the  growth  increment  (as  in  red  maple,  sweetbay,  sweet- 
gum, black  tupelo,  and  yellow-poplar)  the  species  is  said  to  be  diffuse- 
porous.  In  the  other  species  (the  ashes,  elms,  hackberry,  true  hickory, 
and  the  oaks),  the  vessels  in  the  earlywood  are  much  larger  than  those 
in  the  latewood,  and  the  change  in  diameter  is  abrupt.  These  species  are 
termed  ring-porous. 

When  the  latewood  tissue  is  wide  enough  for  the  pattern  to  be  visible, 
the  arrangement  of  latewood  vessels  in  ring-porous  wood  varies  consid- 
erably among  species.  The  slow-grown  hickory  cube  (p.  22)  has  solitary 
pores  although  other  hickory  samples  may  have  pores  in  radial  groups 
of  two  or  three.  In  the  ashes,  latewood  pores  are  also  both  solitary  and 
in  radial  groups  of  two  and  three.  Elms  and  hackberry  have  wavy,  nearly 
continuous  tangential  bands  of  latewood  vessels,  while  oaks  have  late- 
wood vessels  generally  aligned  in  the  radial  direction.  In  the  red  oaks, 
latewood  vessels  occur  as  rows  one  cell  wide  or  in  flame-shaped  groups 
and  are  easily  seen  because  of  their  thick  walls.  White  oaks  have  smaller, 
thin-walled  latewood  vessels,  which  occur  in  flame-shaped  groups  —  an 
arrangement  clearly  visible  on  the  transverse  surface  of  post  oak  (p.  38). 

The  relative  amounts  of  latewood  and  earlywood  can  affect  impor- 
tant physical  properties  of  ring-porous  hardwoods.  For  example,  the 


slow-grown  northern  red  oak  cube  (p.  36)  is  essentially  composed  of  tour 
narrow  rings,  primarily  earlywood  tissue.  This  sample  is  much  more 
porous  and  has  a  lower  density  than  the  fast-grown  ShumarcKoak  cube 
(p.  42),  which  is  composed  of  virtually  one  wide  growth  ring  containing 
much  fibrous  latewood. 


Parenchyma 

Longitudinal  parenchyma  cells  have  about  the  same  diameter  as 
fibers  but  are  shorter  and  have  thinner  walls.  The  vertically  oriented 
longitudinal  parenchyma  may  be  seen  on  the  transverse  surface  of 
figure  2  as  short  series  of  cells  interspersed  among  fibers.  Parenchyma  is 
also  oriented  horizontally  in  rays.  Longitudinal  stemwood  parenchyma 
volume  ranges  from  less  than  2  percent  in  sweetgum  to  about  26  percent 
in  the  oaks. 

Longitudinal  parenchyma  is  sparse  in  diffuse-porous  species  such  as 
red  maple,  sweetgum,  and  black  tupelo.  In  sweetbay  and  yellow-poplar 
it  forms  a  continuous  band  at  the  end  of  seasonal  growth  and  appears 
as  a  white  line  at  low  magnification.  Parenchyma  is  more  apparent  in 
the  ring-porous  species.  Lumen  diameter  of  parenchyma  cells  is  larger 
than  that  of  fibers  but  less  than  that  of  latewood  vessels.  In  the  ashes, 
parenchyma  occurs  in  the  latewood,  where  it  encircles  individual  and 
multiple  vessels  and  often  extends  outward  from  them  in  tangential 
rows.  Parenchyma  is  present  in  the  oaks  as  fine  tangential  lines 
throughout  the  latewood  —  also,  most  of  the  flame-shaped  tissue  sur- 
rounding latewood  vessels  is  composed  of  parenchyma.  In  hickories, 
parenchyma  is  conspicuous  as  tangential  lines  throughout  the  late- 
wood. 


Tracheids 

The  small,  large-lumened  cells  surrounding  earlywood  vessels  in  the 
oaks  appear  to  be  parenchyma  on  the  transverse  surface.  They  are, 
however,  primarily  vasicentric  tracheids,  which  are  longer  and  thicker 
walled  than  parenchyma  cells  and  are  not  in  longitudinal  rows.  They 
also  appear  among  the  flame-shaped  areas  of  parenchyma. 

Another  type  of  tracheid,  vascular,  is  found  in  the  elms  and  hack- 
berry.  Vascular  tracheids  are  similar  to  latewood  vessel  members  except 
that  end  walls  are  not  perforated.  They  may  be  intermixed  in  the  same 
vertical  series  with  the  vessel  members,  are  associated  with  vessel  mem- 
bers in  the  wavy  latewood  bands,  and  cannot  be  distinguished  from 
them  on  the  transverse  surface. 


Rays 

On  the  transverse  surface,  rays  ( fig.  2 )  appear  as  lines  extending  across 
growth  increments  from  the  cambium  toward  the  pith.  On  the  radial 
surface  they  appear  as  ribbons  while  the  ends  of  rays  are  exposed  on  the 
tangential  surface.  Composed  of  horizontally-oriented  parenchyma, 
rays  are  from  several  to  many  cells  high  and  are  generally  tapered  on 
their  upper  and  lower  edges.  (See  for  example  the  tangential  surface  of 
the  sweetbay  cube  on  page  50.) 

Rays  vary  from  one  to  several  cells  wide.  Of  the  species  considered 
here,  only  the  oaks  contain  broad  rays— up  to  30  cells  wide  and  hundreds 
of  cells  high.  Between  these  broad  rays  are  many  inconspicuous  rays, 
usually  one  cell  wide  and  less  than  20  cells  high.  In  all  of  the  oak  cubes 
except  that  of  black  oak  the  radial  surface  cuts  through  a  broad  ray. 

Of  the  remaining  11  species,  the  rays  of  the  two  elms  and  hackberry 
are  usually  five  or  six  cells  wide,  while  those  of  the  other  eight  species 
are  mostly  one  to  three  cells  wide. 

Tyloses 

Between  any  two  adjacent  cells,  regardless  of  type,  there  are  minute 
matching  gaps  in  the  contiguous  walls  of  the  two  cells.  The  gaps  are 
separated  at  the  center  by  a  membrane.  The  cavities  in  adjacent  walls 
plus  membranes  are  called  pits.  Tyloses  are  outgrowths  of  protoplasm 
from  longitudinal  or  mainly  ray  parenchyma  cells  that  expand  or  grow 
through  the  pit  membranes  and  appear  as  membranelike  material  that 
partially  or  completely  blocks  the  vessel  cavity. 

Tyloses  block  most  of  the  earlywood  vessels  of  the  white  oak  group. 
Tyloses  occur  only  occasionally  in  the  red  oaks— some  may  be  seen  in 
vessels  of  laurel  oak  (p.  34)  and  blackjack  oak  (p.  28).  Tyloses  are  also 
present  in  some  earlywood  vessels  of  the  hickory  cube  (p.  22). 


SPECIES  ILLUSTRATIONS 


SPECIES  ILLUSTRATIONS,  RESOURCE, 
AND  SELECTED  PROPERTIES 


Each  species  is  illustrated  by  five  pictures:  a  scanning  electron  micro- 
graph magnified  100  times  so  one  can  see  the  cellular  structure  in 
perspective;  a  photograph  of  the  transverse  surface  magnified  five  times 
(the  surface  and  minimum  magnification  useful  for  species  identifica- 
tion); unmagnified  radial  and  tangential  views  that  illustrate  color  and 
grain;  and  finally  a  picture  of  the  bark,  field-photographed  from  typical 
6-inch  (breast  height)  diameter  trees.  The  location  and  orientation  of 
each  view  in  the  tree  is  illustrated  by  the  rectangles  and  the  cube  in 
figure  1. 

The  species  resource  and  selected  stemwood  and  bark  properties  are 
listed  in  the  lower  part  of  the  right-hand  page.  These  data  were  obtained 
from  the  following  sources. 

RESOURCE 

Volume  (million  cubic  feet) (Staff,  For.  Resour. 

Res.  Work  Unit,  1976) 
Percent  of  hardwood  volume 

on  pine  sites (Derived  from  above) 

STEMWOOD 

Specific  gravity  (ovendry  weight 

and  green  volume) (Manwiller,  1979) 

Weight  of  bark-free  stemwood 

when  green  (lbs/ft:!) (Manwiller,  1975b) 

Percent  moisture  content  of 

green  wood  (ovendry  basis) (Manwiller,  1975b) 

BARK 

Specific  gravity  (ovendry 

weight  and  green  volume) (Manwiller,  1979) 

Percent  moisture  content  of 

green  bark  (ovendry  basis) (Manwiller,  1975b) 


The  resource  estimates  tabulated  are  for  the  species  or  species  group 
growing  on  pine  sites  only  and  do  not  reflect  the  additional  hardwood 
volume  growing  on  cove  hardwood  sites.  The  survey  data  are  from  12 
southern  states— Alabama,  Arkansas,  Florida,  Georgia,  Louisiana,  Mis- 
sissippi, North  Carolina,  Oklahoma,  South  Carolina,  Tennessee,  Texas, 
and  Virginia.  Volumes  are  expressed  in  cubic  feet,  inside  bark,  of  trees 
from  stump  to  minimum  4-inch  top  diameter  (outside  bark)  of  the 
central  stem.  All  trees  5  inches  in  diameter  at  breast  height  and  larger 
are  included. 
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GREEN  ASH 


Fraxinus  pennsylvanica  Marsh. 
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WHITE  ASH 


Fraxinus  americana  L. 
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RESOURCE 

(With  Green  Ash) 

Volume  (million 

cubic  feet) 441 

Percent  of  total  hardwood 
volume  on  southern 
pine  sites 0.9 

STEMWOOD 

Specific  gravity  (ovendry 
weight  and  green 
volume)  0,582 

Weight  of  bark-free  stem- 
wood  when  green 

(lbs/ ft1) 53.6 

Percent  moisture  content 
of  green  wood  (ovendry 

basis)     47,5 

BARK 

Specific  gravity  (ovendry 
weight  and  green 
volume)    0.397 

Percent  moisture  content 
of  green  bark  (ovendry 
basis) 68.4 


15 


*>- 


Mag.  x  100 


AMERICAN  ELM 


Ulmus  americana  L. 
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Tangential 
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RESOURCE 

(With  Winged  Elm) 

Volume  (million 

cubic  feet) ggg 

Percent  of  total  hardwood 
volume  on  southern 
pine  sites 

STEMWOOD 

Specific  gravity  (ovendry 
weight  and  green 
volume)    


1.4 


Weight  of  hark-free  stem- 
wood  when  green 
(lbs/ ft3) 


Percent  moisture  content 
of  green  wood  (ovendry 
basis) 


BARK 

Specific  gravity  (ovendry 
weight  and  green 
volume)    


Bark 

Mag.  X0.3 


Percent  moisture  content 
of  green  hark  (ovendry 
basis) 


0.536 


58.7 


75.5 


0.395 


86.9 
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WINGED  ELM 

Ulmus  alata  Michx. 
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Bark 
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RESOURCE 

(With  American  Elm) 

Volume  (million 
cubic  feet)   ...  668 

Percent  of  total  hardwood 
volume  on  southern 
pine  sites 1.4 

STEMWOOD 

Specific  gravity  (ovendry 
weight  and  green 
volume)    0.623 

Weight  of  bark-free  stem- 
wood  when  green 
(lbs/ft3) 64.4 

Percent  moisture  content 
of  green  wood  (ovendry 
basis) 65.6 

BARK 

Specific  gravity  (ovendry 
weight  and  green 
volume)  0.341 

Percent  moisture  content 
of  green  bark  (ovendry 
basis) 76.0 
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HACKBERRY 

Celtis  spp. 
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Mas-  X0.3 


Weight  of  bark-free  stem- 
wood  when  green 
(lbs I  ft3). 

Percent  moisture  content 
of  green  wood  (ovendry 
basis) 

BARK 

Specific  gravity  (ovendry 
weight  and  green 
volume) 

Percent  moisture  content 
of  green  hark  (ovendry 
basis) 


0.606 


55,5 
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HICKORY 


Carya  spp. 


Mag.  x  100 


Bark  photograph  is  that  of  mockernut  hickory  (Carya  tomentosa  Nutt.) 
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RED  MAPLE 


Acer  rubrum  L. 
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Radial 

Mag.  x  1 


Tangential 

Mag.  xl 


Transverse 

Mag.  x5 


Bark 

Mag.  X0.3 


RESOURCE 

Volume  (million 

cubic  feet) 

Percent  of  total  hardwood 
volume  on  southern 
pine  sites 

STEMWOOD 

Specific  gravity  (ovendry 
weight  and  green 
volume)    


Weight  of  bark-free  stem- 
wood  when  green 
(lbs/ft3) 


Percent  moisture  content 
of  green  wood  (ovendry 
basis) 


BARK 

Specific  gravity  (ovendry 
weight  and  green 
volume)    


Percent  moisture  content 
of  green  bark  (ovendry 
basis) 


1751 


3.6 


0.496 


52.6 


69.9 


0.535 


74.4 
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BLACK  OAK 


Quercus  velutina  Lam. 
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Volume  (million 

cubic  feet)  1949 

Percent  of  total  hardwood 
volume  on  southern 
pine  sites 4.0 

STEMWOOD 

Specific  gravity  (ovendry 
weight  and  green 
volume)  


Weight  of  bark-free  stem- 
wood  when  green 
(lbs /ft3) 


Percent  moisture  content 
of  green  wood  (ovendry 
basis) 

BARK 

Specific  gravity  (ovendry 
weight  and  green 
volume)    


Percent  moisture  content 
of  green  bark  (ovendry 
basis) 


0.620 


65.5 


69.2 


0.612 


56.2 
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BLACKJACK  OAK 


Quercus  marilandica  Muenchh. 
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RESOURCE 

Volume  (million 

cubic  feet) 

Percent  of  total  hardwood 
volume  on  southern 
pine  sites 

STEMWOOD 

Specific  gravity  (ovendry 
weight  and  green 
volume) 


Weight  of  hark-free  stem- 
wood  when  green 
(lbs  I  ft3). 


Bark 

Mag.  X0.3 


Percent  moisture  content 
of  green  wood  (ovendry 
basis) 

BARK 

Specific  gravity  (ovendry 
weight  and  green 
volume)    

Percent  moisture  content 
of  green  hark  (ovendry 
basis) 


0.638 


69.4 


74.2 


0.642 


43.6 


29 


';^v 


2f    * 


f»  " 


Mag.  x  100 


CHERRYBARK  OAK 


Quercus  falcata  var. pagodaefolia  Ell. 
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CHESTNUT  OAK 


Quercus  prinus  L. 
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LAUREL  OAK 


Quercus  laurifolia  Michx. 
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Volume  (million 
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SUMMARY 

This  paper  presents  a  comprehensive  forest  site  classification  system  for 
the  Western  Highland  Rim  and  Western  Pennyroyal-Limestone  area  in 
northern  Alabama,  central  Tennessee,  and  western  Kentucky.  The  system 
is  based  on  physiography,  geology,  soils,  topography,  and  vegetation.  Forty- 
nine  landtypes  are  described,  and  each  landtype  is  evaluated  in  terms  of 
productivity  and  desirability  of  selected  pines  and  hardwoods  for  timber 
production.  Also,  each  landtype  is  rated  for  five  soil-related  problems  that 
can  affect  forest  management. 
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Classification  and  Evaluation  of  Forest  Sites  on  the 
Western  Highland  Rim  and  Pennyroyal 

Glendon  W.  Smalley 


INTRODUCTION 

!  This  report  classifies  and  evaluates  forest  sites  on 

ijie  Western  Highland  Rim  and  Western  Penny- 

jjiyal-Limestone  Area  (fig.  1)  for  the  management 

<  several  commercially  valuable  tree  species.  It 

fovides  forest  managers  with  a  land  classification 

stem  that  will  enable  them  to  subdivide  forest 

nd  into  logical  segments  (landtypes),  allow  them 

li  rate  productivity,  and  alert  them  to  any  limita- 

10ns  and  hazards  that  the  landtypes  impose  on 

rest  management.  Though  soils  information  is  an 

tegral  part  of  this  system,  users  will  not  need  to 

entify  and  classify  soils  or  to  make  laboratory 

^terminations.  This  report  is  oriented  to  timber 

oduction  because  timber  is  usually  a  major  man- 

jement  objective.  However,  landtypes  can  also  be 

le  basis  for  the  management  and  interpretation  of 

her  forest  resources. 

I  have  drawn  freely  on  much  published  informa- 

on  on  geology,  physiography,  soils,  sites,  and 

elds.  In  many  cases,  data  specific  to  this  area  were 

at  available,  and  information  was  extrapolated 

,om  adjacent  regions.  Extrapolation  was  particu- 

rly  necessary  with  productivity  data.  All  sources 

?  data  are  documented  so  the  user  can  gage  the 

^curacy  and  reliability  of  the  information. 

Productivity  and  management   problem  infor- 

ation  is  presented  in  a  format  that  follows  the 

atline  used  by  the  Soil  Conservation  Service 

SCS)  in  the  Woodland  Suitability  sections  of 

mnty  soil  surveys.  This  similarity  should  facili- 

ite  the  integration  of  information  contained  in 

>unty  soil  surveys'  into  this  classification  system. 

This  guide  represents  the  best  information  and 

Elective  judgment  now  available.  Nevertheless,  it 

still  incomplete.  I  trust  that  forest  managers, 


ee  Appendix  for  available  soil  surveys. 


after  applying  this  site  classification  system,  will 
share  thehrexperience  with  me  and  make  me  aware 
of  any  shortcomings  or  needed  revisions. 

The  rationale  and  methodology  for  the  develop- 
ament  of  a  site  classification  system  for  the  Interior 
Uplands  appeared  in  the  proceedings  of  the  Second 
Central  Hardwood  Forest  Conference  (Smalley 
1978)  and  the  Forest  Soils  and  Site  Quality  Work- 
shop (Smalley  1979a).  A  site  classification  guide  for 
the  Southern  Cumberland  Plateau  Region  has 
been  published  (Smalley  1979b). 


WESTERN  HIGHLAND  RIM 
AND  PENNYROYAL  REGION 

The  Western  Highland  Rim  and  Pennyroyal  re- 
gion covers  about  10,850  square  miles  in  all  or  por- 
tions of  2  counties  in  Alabama,  18  in  Kentucky,  and 
20  in  Tennessee.  The  region  extends  south  to  north 
from  about  north  latitude  34°45'  to  38°3'  and  east 
to  west  from  about  west  longitude  86°35'  to  88°  15'. 
It  extends  from  the  Ohio  River  in  Meade  County, 
Kentucky,  to  the  Tennessee  River  in  Lauderdale 
County,  Alabama,  a  distance  of  about  220  miles  (fig. 
2). 

In  Tennessee  the  Western  Highland  Rim  includes 
the  upland  that  surrounds  the  Nashville  Basin  on 
the  west  (Fenneman  1938).  Also  included  is  the 
knobby  transition  from  the  Rim  to  the  Basin  and 
interspersed  portions  of  the  Outer  Basin.  The  West- 
ern Highland  Rim  extends  west  of  the  Tennessee 
River  in  a  narrow  band  from  Henry  to  Hardin 
Counties  while  some  of  the  Upper  Coastal  Plain 
physiographic  province  lies  east  of  the  River  in  the 
Land  Between  the  Lakes,  in  Humphreys  and 
Wayne  Counties,  Tennessee,  and  in  Lauderdale 
County,  Alabama. 

In  Alabama  the  Western  Highland  Rim  extends 


nalley  is  Principal  Soil  Scientist  at  the  Silviculture  Laboratory,  maintained  at  Sewanee,  Tennessee,  by  the  Southern  Forest 
<periment  Station,  Forest  Service-USDA,  in  cooperation  with  the  University  of  the  South. 


~]  I     HIGHLAND    RIM    PLATEAU 

A  Highly    dissected   plateau 

B  Moderately    dissected   plateau 

C  Weakly    dissected  plateau-gray  soils 

D  Weakly    dissected   plateau-  red   soils 

HIGHLAND    RIM  -  NASHVILLE    BASI  I 
TRANSITION 

E      Knobs 

F      Outer     Basin 


3  KARST     PLAIN 

G      Weakly   dissected    plain 
H     Moderately   dissected   plain 
I     Slump   area 

4  MAJOR    RIVER    BOTTOMS 

J  Tennessee    R  iver 

K  Buffalo   River 

L  Cumberland,    Harpeth,   Duck,  and   Elk    R 

M  Green    and    Barren    Rivers 


figure  2.—Subregions  and  landtype  associations  of  the  Western  Highland  Rim  and  Western  Pennyroyal- Limestone  area  a)  i 
location  of  weather  stations. 
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juthward  to  the  Tennessee  River.  The  arbitrary 
ivision  between  the  Eastern  and  Western  Rim  in 
.labama  and  Tennessee  is  the  Elk  River  to  near 
>ellrose,  Tennessee,  and  then  north  along  the 
riles-Lincoln  County  line  to  the  Nashville  Basin 
ear  Lewisburg,  Tennessee. 

In  Kentucky  this  section  is  known  as  the  Western 
ennyroyal-Limestone  Area  (Bailey  and  Winsor 
964;  Fenneman  1938;  Soil  Conserv.  Serv.  1975). 
'he  section  is  named  for  the  Pennyroyal  of  Amer- 
:a  (Hedeoma  pulegioides  (L.)  Pens.),  a  wild  mem- 
er  of  the  mint  family  that  grows  abundantly  in 
tie  area.  The  Pennyroyal  forms  a  broad  horseshoe 
3uth  and  east  of  the  Western  Coalfields  and  the 
andstone-Shale-Limestone  area  of  the  Western 
ennyroyal,  and  its  boundary  is  the  Dripping 
prings  escarpment.  North  of  the  Green  River,  the 
Western  Pennyroyal  curves  northwestward  in  a 
trip  15  to  20  miles  wide  between  the  Muldraugh's 
[ill  and  Dripping  Springs  escarpments. 

North  of  the  Nashville  Basin  in  Tennessee,  the 
irbitrary  division  between  the  Eastern  and  West- 
ra  Highland  Rims,  is  the  eastern  edge  of  soil  asso- 
iation  D42  in  Sumner  County.  This  boundary 
lerges  with  the  Western  Pennyroyal-Limestone 

rea  and  the  Eastern  Pennyroyal  boundary  in 

entucky  (Bailey  and  Winsor  1964;  Soil  Conserv. 

erv.  1975). 


limate 

The  region  has  a  temperate  climate  characterized 
V  long,  moderately  hot  summers  and  short,  mild 


winters.  According  to  Thornthwaite's  (1931)  clas- 
sification of  climate,  it  is  humid  mesothermal. 
Daily  and  seasonal  weather  is  controlled  largely  by 
alternating  cold,  dry  continental  air  masses  from 
Canada  and  warm,  moist  air  from  the  Gulf  of  Mex- 
ico. During  the  summer,  complete  exchanges  of  air 
masses  are  few,  and  tropical  maritime  air  masses 
persist  for  extended  periods.  Tables  1  and  2  show 
average  monthly  and  annual  precipitation  and 
temperature  values,  average  frost-free  periods,  and 
elevation  above  sea  level  for  three  stations  in  Ten- 
nessee and  one  in  Kentucky  (fig.  2). 

Mean  temperature  for  the  region  is  about  58°  F. 
The  average  date  of  last  freeze  is  early  to  mid  April 
and  the  average  date  of  first  freeze  is  mid  to  late 
October.  Therefore,  most  of  the  region  has  an  aver- 
age frost-free  period  of  190  to  205  days.  The  temper- 
ature often  falls  below  freezing  at  night  in  Decem- 
ber, January,  and  February.  The  ground  freezes  to 
a  depth  of  2  to  6  inches  several  times  during  the 
average  winter  season  and  commonly  remains  fro- 
zen for  2  to  12  days.  Air  temperature  does  not  ap- 
pear to  vary  much  across  the  region.  However,  local 
temperature  may  vary  considerably  because  of  ele- 
vation, aspect,  and  cloud  cover. 

Southerly  winds  prevail  from  May  to  September 
and  northerly  ones  from  November  to  March;  av- 
erage velocity  ranges  from  5  to  10  mph.  Severe 
winds  are  infrequent,  and  most  are  associated  with 
summer  thundershowers. 

Annual  precipitation  averages  about  50  inches 
and  ordinarily  is  fairly  well  distributed  throughout 
the  year.  Rainfall  decreases  slightly  south  to  north. 
Precipitation  is  greatest  from  December  through 


ble  l— Average  monthly  and  annual  precipitation  in  inches  for  four  weather  stations  on  the  Western  Highland  Rim  and  Penny- 
royal1 


c.   ..  ,  Years       Eleva- 

btation  and  f  ti  Jfln      Feb     Mar     A         M         Jun      Jul      Aug     Sept     0ct     Nov     Dec       Year 

county 


record  Ft 


^ynesboro 
Wayne,  TN 

Ickson 
Dickson,  TN 


90  750  5.5       5.8       5.7       5.4       4.2       4.0       4.0       3.8       3.2       2.7       4.8       5.4        54.6 

82  814  5.1        4.8       5.5       4.6       4.2       3.6       4.1        4.0       2.8       2.5       4.0       4.8        50.1 


I  ringfield 
Robertson  TN  42  745  4.8       4.6       4.8       4.3       4.2       3.4       3.7       3.2       2.8       2.7       4.0       4.5        47.0 

I  wling  Green 
Warren,  KY  93  535  4.6       4.4       5.5       4.2       4.2       4.2       4.1        3.0       3.0       2.4       4.0       4.4        48.1 


'  S.  Department  of  Commerce  (1974a,  1974b). 


Table  2— Average  monthly  and  annual  temperature  in  °F  and  length  of  warm  period  for  four  weather  stations  on  the  Western 
Highland  Rim  and  Pennyroyal' 


Station  and 
county 


Years  Warm 

of         Jan.     Feb.    Mar.    Apr.    May    Jun.     Jul.     Aug.    Sept.    Oct.     Nov.    Dec.    Year      period 

record  days2 


Waynesboro 
Wayne,  TN 


89  38        40        48        59        66        74        77        76        70        58        47        39        58 


189 


Dickson 

Dickson,  TN 


78  38        41         49        60        68        76        79        78-       71         61         49        40        59 


193 


Springfield 

Robertson,  TN 

Bowling  Green 
Warren,  KY 


31  36        39        47        59        67        75        78        77        71         60        48        39        58  206 


93  36        38        46        58        67        75        78        77        70        59        46        38        57  191 


'U.S.  Department  of  Commerce  (1974a,  1974b). 

2Mean  period  from  last  32°  F  to  first  32°  F  (U.S.  Department  of  Agriculture  1941). 


March.  Least  precipitation  is  from  August  through 
October.  Short  periods  of  very  wet  or  very  dry 
weather  are  common.  Thunderstorms  with  high  in- 
tensity rainfall,  occasionally  hail,  occur  on  over  50 
days  each  year,  mostly  in  the  summer  months. 
Snowfall  seldom  exceeds  a  few  inches  and  melts  in 
a  few  days.  Soils  are  wettest  from  December  to 
April  and  driest  from  July  to  October.  Tree  growth 
is  commonly  retarded  for  periods  of  a  few  to  several 
days  up  to  six  times  each  growing  season. 

Soil  dryness  during  the  growing  season  can  also 
be  shown  by  "frequency  of  drought  days"  data 
(Knetsch  and  Smallshaw  1958).  A  drought  day  is  a 
day  when  precipitation  and  evapotranspiration 
data  indicate  that  soil  moisture  content  is  below 
the  wilting  point.  Drought  days  are  most  likely  in 
August  when  the  probability  of  10  drought  days  per 
month  is  50  percent.  The  next  highest  probability 
of  drought  days  is  in  July  and  September  when  the 
probability  of  10  drought  days  is  about  34  percent. 

Geology,  Topography,  and  Soils 

In  general,  the  Western  Highland  Rim  and  Pen- 
nyroyal region  is  underlain  by  a  series  of  Mississip- 
pian  limestones  of  varying  coarseness,  purity,  and 
solubility.  The  boundary  between  the  Rim  and  the 
Upper  Coastal  Plain  is  indistinct  and  irregular  be- 
cause unconsolidated  Cretaceous  sands  and  gravels 
cap  broad  uplands  in  practically  all  parts  of  the 
Rim  (Hajek  and  others  1975,  Soil  Conserv.  Serv. 
1975,  Elder  and  Springer  1978).  A  thin  layer  (4  feet 


or  less)  of  loess  overlies  parts  of  both  the  Rim  and 
Coastal  Plain.  Alluvial  deposits  of  Quaternary  age 
occur  along  the  Tennessee,  Cumberland,  Harpeth, 
Duck,  Buffalo,  Elk,  Green,  and  Barren  Rivers.  In 
the  transition  from  the  Rim  to  the  Outer  Nashville 
Basin,  phosphatic  limestones  and  shales  of  Devon- 
ian, Silurian,  and  Ordovician  age  are  exposed. 

Topography  of  the  region  ranges  from  gentle  to 
rugged  and  complex.  Slope  varies  from  nearly  level 
to  very  steep.  On  the  Rim  west  of  the  Nashville 
Basin  a  dendritic  drainage  pattern  indicates  that 
dissection  is  about  mature.  Ridgetops  are  about  800 
to  1,000  feet  above  sea  level,  and  local  relief  is  200 
to  300  feet.  In  places,  remnants  of  the  once  broad 
undulating  plateau  remain.  Here  ridges  extend  for 
0.5  mile  or  more  and  relief  is  50  feet  or  less.  In 
northern  Alabama  the  Rim  surface  ranges  from  500 
to  800  feet  above  sea  level. 

In  the  northern  tier  of  counties  in  Tennessee  and 
the  Pennyroyal  of  Kentucky,  topography  gradually 
becomes  less  rugged.  Uplands  consist  of  broad  roll- 
ing to  gently  sloping  interstream  areas  dotted  with 
sinkholes  and  depressions.  In  this  karst  area,  per- 
manent streams  are  few  and  drainage  is  mostly 
underground  in  an  extensive  system  of  caverns. 

In  the  more  rugged  section  of  the  Western  High- 
land Rim,  upland  soils  are  derived  from  loess, 
cherty  limestone,  noncherty  limestone,  and 
Coastal  Plain  sediments.  Soils  are  generally  well 
drained  and  low  to  moderate  in  fertility.  However, 
fragipans  restrict  root  growth  and  impede  internal 
drainage  in  some  soils.  Typical  upland  soils  are 


: 


flountview,  Dickson,  Bodine,  and  Baxter.  About 
8  percent  of  this  rugged  area  is  forested  ranging 
rom  40  percent  in  Giles  County  to  80  percent  in 
Vayne  County,  Tennessee  (Hedlund  and  Earles 
971). 

In  the  smoother  section  of  the  Rim  and  Penny- 
oyal,  upland  soils  developed  in  loess  and  thick  un- 
erlying  layers  of  clay  weathered  from  relatively 
hert-free  limestone.  Soils  are  generally  well 
rained  with  moderately  high  fertility.  Common 
oils  are  Pembroke,  Crider,  Baxter,  and  Nicholson, 
""his  area  is  well  suited  to  agriculture,  but  forests 
ccupy  about  38  percent  of  the  area  ranging  from 
5  percent  in  Simpson  to  50  percent  in  Lyon 
lounty,  Kentucky  (Hedlund  and  Earles  1971, 1973; 
angsley  and  Powell  1978). 

Fertile  soils  that  developed  on  fioodplains  and 
)w  terraces  along  the  major  rivers  have  been  cov- 
red  by  the  lakes  constructed  by  the  Tennessee  Val- 
;y  Authority  and  the  Corps  of  Engineers.  High 
irraces  are  seldom  flooded,  and  soils  are  deep  and 
loderately  high  in  fertility.  Common  soils  are  Pick- 

ick,  Armour,  Huntington,  Arrington,  Beason, 
fewark,  and  Dunning.  These  fioodplains  and  ter- 
ices  are  well  suited  to  agriculture.  Seasonal  wet- 
ess  limits  their  use  in  places.  The  normal  level  of 
Kentucky  Lake  and  Lake  Barkley  is  359  feet  above 
ia  level,  Pickwick  Lake  is  414  feet,  Wilson  Lake  is 
38  feet,  and  Wheeler  Lake  is  556  feet. 

In  the  transition  to  the  Outer  Nashville  Basin, 
jpography  is  complex,  consisting  of  knobs  and  nar- 
pw,  meandering  hills  that  are  erosional  remnants 
jf  the  Mississippian  plateau.  Bodine  soils  occur  on 
fie  hilltops  and  steep  upper  slopes  while  Sulphura, 
lellrose,  and  Mimosa  constitute  the  common  se- 
uence  of  soils  on  slopes  into  the  Outer  Basin, 
(laury,  Braxton,  and  Harpeth  soils  are  common  on 
juter  Basin  ridges  and  valleys. 

Gradient,  aspect,  slope  length,  and  soil  moisture 
re  important  in  the  delineation  of  landtypes  de- 
tribed  later.  Slope  and  topography  affect  the  rate 
nd  amount  of  both  surface  runoff  and  subsurface 
movement  of  soil  water.  Soil  loss  by  erosion  in- 
reases  as  gradient  and  length  of  slope  increase. 
!lthough  surface  runoff  is  rare  under  forested  con- 
ations, it  is  important  during  road  construction, 

•gging,  and  other  forest  management  operations. 

oils  on  steep  slopes  are  often  shallower  than  soils 
a  more  nearly  level  terrain.  Deposition  of  sedi- 
\ents  on  gentle  terrain  by  surface  runoff  is  greatest 
blow  the  longer  and  steeper  slopes. 

Generally,  the  steeper  the  gradient  and  the 

inger  the  slope,  the  greater  is  the  subsurface  flow 


of  soil  water  downslope.  As  a  consequence,  plants 
on  lower  slopes  grow  for  longer  periods  without 
moisture  stress.  Subsurface  flow  may  result  in  ex- 
cessively wet  soil  with  poor  aeration  at  the  base  of 
long  slopes.  Areas  of  karst  topography  are  an  excep- 
tion. Here,  soil  water  percolates  deep  into  the  po- 
rous limestone  instead  of  moving  downslope  in  the 
soil. 

Aspect  affects  air  and  soil  temperatures.  Soil 
temperatures  are  lower  on  north-facing  than  on 
south-facing  slopes.  Because  soils  on  north-facing 
slopes  retain  moisture  longer  during  the  growing 
season,  both  rate  of  tree  growth  and  species  com- 
position are  better  on  north-facing  than  on  south- 
facing  slopes. 

In  soil  taxonomy,  temperature  regime  is  one  of 
several  differentiae  used  to  place  soils  into  a 
subgroup  having  similar  physical  and  chemical 
properties  (Soil  Survey  Staff  1975).  For  the  Western 
Highland  Rim  and  Pennyroyal,  two  soil  tempera- 
ture classes  are  recognized  —  mesic  and  thermic. 
Temperature  regime  of  mesic  soils  ranges  from  8° 
to  15°  C  (47°  to  59°  F),  and  the  regime  of  thermic 
soils  ranges  from  15°  to  22°  C  (59°  to  72°  F).  Both 
classes  also  have  a  difference  of  5°  C  (9°  F)  or  more 
between  mean  summer  and  mean  winter  soil  tem- 
perature. All  temperature  measurements  are  at  a 
depth  of  50  cm  or  at  a  lithic  or  paralithic  contact, 
whichever  is  shallower. 

Accordingly,  all  soils  mapped  in  the  Alabama 
portion  of  the  Western  Highland  Rim  are  thermic. 
In  Tennessee,  the  15°  C  isotherm  passes  through 
Sumner  and  Robertson  Counties  and  nearly  all 
Western  Highland  Rim  soils  are  thermic.  The  West- 
ern Pennyroyal-Limestone  Area  in  Kentucky  is  a 
transition  zone  because  both  mesic  and  thermic 
soils  are  recognized. 


SUBREGIONS  AND  LANDTYPE 
ASSOCIATIONS 

I  have  divided  the  Western  Highland  Rim  and 
Pennyroyal  region  into  four  subregions: 
1)  Highland  Rim  plateau,  2)  Highland  Rim-Nash- 
ville Basin  transition,  3)  Karst  plain,  and  4)  Major 
river  bottoms  (fig.  2).  Each  subregion  was  further 
divided  into  two  to  four  landtype  associations 
(LTA)  that  correspond  closely  to  soil  associations 
shown  on  general  soil  maps  for  Alabama,  Kentucky, 
and  Tennessee  (Hajek  and  others  1975;  Soil  Con- 


serv.  Serv.  1975;  Elder  and  Springer  1978;  Edwards 
and  others  1974)  (table  3).  A  description  of  these 
landtype  associations  follows. 

Subregion  1:  Highland  Rim  Plateau 

Landtype  Association- A:  Strongly  Dissected 
Plateau.— This  landtype  association  corresponds  to 
soil  associations  Dll  (Bodine-Mountview-Dickson) 
and  D12  (Bodine-Talbott)  in  Tennessee  and  ex- 
tends south  into  northern  Alabama  where  it  merges 
mostly  with  soil  association  11  (Minvale-Fuller- 
ton).  Portions  of  LTA-A  extend  west  of  the  Tennes- 
see River  in  Tennessee. 

Also  included  in  LTA-A  is  soil  association  D31 
(Brandon-Lax)  in  Lewis,  Dickson,  and  Humphreys 
Counties,  Tennessee  and  soil  association  C23  (Shu- 
buta-Silverton-Bodine-Dulac)  in  southern  Wayne 
County,  Tennessee.  I  included  association  C23  to 
improve  coincidence  between  the  Highland  Rim 
and  Upper  Coastal  Plain  physiographic  provinces 
at  the  Tennessee- Alabama  State  boundary.  A  small 
area  of  soil  association  D31  on  Tennessee  Ridge  in 
northwest  Stewart  County,  Tennessee,  was  merged 
with  an  extensive  area  of  soil  association  B3  (Bran- 
don-Loring-Saffell)  in  Trigg  County,  Kentucky,  and 
placed  in  the  Upper  Coastal  Plain  physiographic 
province. 

Landtype  association-A  consists  of  narrow  wind- 
ing to  moderately  broad  undulating  ridges  flanked 


by  steep  side  slopes.  Valleys  in  the  upper  reaches 
intermittent  streams  are  narrow  and  V-shaped,  b 
gradually  become  U-shaped  with  bottoms  as  wi 
as  250  to  500  feet  before  merging  with  major  ri\ 
bottoms  (Subregion  4). 

Hilly  and  steep  parts  of  LTA-A  have  well -drain 
to  excessively  drained,  cherty,  loamy  and  clay 
soils  derived  from  cherty  limestone.  Undulati  i 
parts  have  well  drained  to  moderately  well  drain  i 
silty  soils  developed  in  2  to  4  feet  of  loess  over  clay 
residuum  from  cherty  limestone  or  over  gravel 
mostly  unconsolidated,  Coastal  Plain  sediments. 

Most  of  LTA-A  is  forested.  Only  the  smooth  i 
ridges  have  been  cleared  for  agriculture  and  soi : 
of  these  have  been  abandoned.  Eleven  landtyj  i 
are  recognized:  1-11. 

Landtype  Association-B:  Moderately  Dissect 
Plateau.— This  LTA  corresponds  to  soil  associati  i 
D21  (Baxter  [Fullerton]-Mountview-Dickson)  i 
Tennessee  and  soil  association  D2  (Baxter-Crid'  o 
in  Kentucky. 

Landtype  association-B  consists  of  broa: 
rounded  hills  interspersed  with  narrow,  windii 
ridges  flanked  by  moderately  steep  to  steep  si  a 
slopes.  Near  the  heads  of  intermittent  streams,  vu 
leys  are  V-shaped,  but  gradually  become  U-shapu 
with  bottoms  as  wide  as  500  to  800  feet  before  me  | 
ing  with  major  river  bottoms  (Subregion  4). 

Hilly  and  rolling  parts  of  LTA-B  have  mostly  w  I 
drained,  cherty,  and  clayey  soils  derived  from  lin 


Table  3.—Subregions  and  landtype  associations  of  the  Western  Highland  Rim  and  Pennyroyal  region 


Subregion 


Landtype  association 


1.  Highland  Rim  plateau 


A.  Strongly  dissected  plateau 

B.  Moderately  dissected  plateau 

C.  Weakly  dissected  plateau-gray  soils 

D.  Weakly  dissected  plateau-red  soils 


2.  Highland  Rim-Nashville 
Basin  transition 


E.  Knobs 

F.  Outer  Basin 


3.  Karst  plain 


G.  Weakly  dissected  plain 
H.  Moderately  dissected  plain 
I.    Slump  area 


4.  Major  river  bottoms 


J.    Tennessee  River  bottom 

K.  Buffalo  River  bottom 

L.  Cumberland,  Harpeth,  Duck,  and  Elk  River  bottoms 

M.  Green  and  Barren  River  bottoms 


tone  residuum,  and  the  smoother  parts  have  well 
Irained  and  moderately  well  drained  silty  soils  de- 
eloped  in  2  to  3  feet  of  loess  over  limestone  resid- 
mm. 

The  smoother,  broader  ridges  and  mild  slopes  are 
n  agriculture.  Steep  or  wet  areas  are  in  woodland, 
^ine  landtypes  are  recognized:  1-6  and  9-11. 

Landtype  Association-C:  Weakly  Dissected  Pla- 
?au-Gray  Soils.—  This  LTA  corresponds  to  soil  as- 
ociation  D32  (Dickson-Mountview-Guthrie)  in 
"ennessee  and  soil  association  7  (Dickson-Fuller- 
on)  in  Alabama.  Soil  association  D32  was  extended 
ito  Kentucky  in  southeastern  Trigg  and  south- 
western Christian  Counties,  although  it  is  not  rec- 
gnized  on  the  Kentucky  general  soil  map. 
Landtype  association-C  consists  of  broad,  nearly 
?vel  to  undulating  ridges  with  some  depressions 
nd  sinkholes.  These  uplands  are  dissected  by  a 
'eak  to  moderately  well  developed  dendritic  drain- 
jge  system.  Bottoms  of  intermittent  streams  are 
jaucer-shaped  with  little  gradient.  Many  intermit - 
?nt  streams  empty  into  sinkholes.  Bottoms  of  per- 
lanent  streams  are  U-shaped.  Short  moderately 
(:eep  slopes  surround  most  sinkholes  and  separate 
jottoms  of  permanent  streams  from  broad  ridges. 
)  The  silty  and  cherty  soils  are  well  drained  to 
joorly  drained  and  derived  from  2  to  6  feet  of  loess 
jverlying  old  alluvium  or  from  clayey  residuum 
fom  limestone. 

I  Most  of  LTA-C  has  been  cleared  and  is  used  for 
rops  and  pasture.  Steep  slopes  and  wet  areas  are  in 
oodland.  Nine  landtypes  are  recognized:  5,  6,  9, 
0,12, 14, 15,  27,  and  28. 

Landtype  Association-D:  Weakly  Dissected  Pla- 
mu-Red  Soils.— This  LTA  corresponds  to  soil  as- 
xiation  D51  (Waynesboro-Decatur-Bewleyville- 
urtistown)  in  Tennessee  and  soil  association  5 
Decatur-Dewey)  in  Alabama.  It  is  limited  to  three 
olated  areas— two  in  Lauderdale  County,  Ala- 
ama,  and  one  in  Lawrence  County,  Tennessee, 
his  LTA  is  extensive  in  the  Eastern  Highland  Rim 
igion  of  northern  Alabama  and  central  Tennessee. 
Landtype  association-D  consists  of  broad,  gently 
oping  ridges  bounded  by  generally  short,  sloping 
nd  moderately  steep  side  slopes.  Uplands  are  pit- 
id  with  sinkholes  and  depressions.  Many  shallow 
itermittent  drainages  and  a  few  permanent 
reams  comprise  the  weakly  developed  dendritic 
rainage  pattern. 

The  mostly  well  drained  and  clayey  soils  are  de- 
ved  from  a  layer  of  loess  overlying  old  alluvium  or 


clayey  residuum  from  moderately  high-grade  lime- 
stone. 

Most  of  the  LTA-D  has  been  cleared  for  crops  and 
pasture.  Steeper  slopes  and  poorly  drained  areas 
are  in  woodland.  Nine  landtypes  are  recognized:  5, 
6,  9, 10, 13-15,  27,  and  28. 


Subregion  2:  Highland  Rim-Nashville  Basin 
Transition 

Landtype  Association-E:  Knobs.— This  LTA  cor- 
responds to  soil  association  Ell  (Dellrose-Mimosa- 
Bodine)  in  Tennessee. 

Landtype  association-E  consists  of  a  nearly  con- 
tinuous belt  of  high  cherty  ridges  and  knobs  with 
steep  side  slopes,  as  much  as  1,000  feet  long,  and 
narrow  valleys.  Ridges  are  remnants  of  the  High- 
land Rim  plateau  and  are  capped  with  Ft.  Payne 
chert.  Valleys  are  mainly  V-shaped  at  the  heads, 
but  become  U-shaped  downstream,  and  do  not  ex- 
ceed Va  mile  in  width;  most  are  V%  mile  or  less.  Ele- 
vation ranges  from  900  to  1,200  feet  above  sea  level 
and  relief  is  180  to  300  feet.  This  strongly  dissected 
belt  ranges  in  width  from  about  2  miles  in  Davidson 
County  in  north  central  Tennessee  to  about  25 
miles  in  the  Elk  River  basin  in  south  central  Ten- 
nessee and  northern  Alabama. 

The  area  is  hilly  to  steep  with  deep,  well  drained 
loamy  and  clayey  soils  that  are  mostly  cherty.  They 
formed  in  residuum  from  cherty  limestone,  shale, 
and  phosphatic  limestone,  and  in  colluvium.  Thin 
layers  of  Chattanooga  and  Maury  shales  and  the 
lower  shaly  facies  of  Ft.  Payne  chert  are  exposed  in 
places  on  steep  slopes. 

Agriculture  is  limited  by  slope  steepness,  high 
chert  content,  or  rockiness.  Considerable  cleared 
acreage  is  reverting  to  woodland.  Seven  landtypes 
are  recognized:  1, 11, 12,  and  16-19. 

Landtype  Association-F:  Outer  Basin.— This 
LTA  corresponds  to  that  portion  of  soil  association 
E31  (Maury-Braxton-Harpeth)  in  Giles  County, 
Tennessee  which  is  surrounded  by  LTA-E. 

Landtype  association-F  consists  of  low  broad  up- 
lands and  hills  and  the  associated  bottomlands 
along  Richland  Creek  and  its  larger  tributaries. 
Soils  are  derived  from  limestone,  which  is  moderate 
to  high  in  phosphate,  alluvium,  and  loess  in  some 
places.  Soils  are  deep,  well  drained,  and  predomi- 
nantly clayey  with  some  silty  ones.  Topography  is 


undulating  to  rolling;  few  slopes  exceed  25  percent. 
Relief  is  about  200  feet  and  the  highest  elevations 
are  about  800  feet  above  sea  level. 

Most  of  LTA-F  is  in  crops  or  pasture.  Only  the 
steepest  slopes  and  shallower  soils  are  in  woodland. 
Six  landtypes  are  recognized:  11  and  18-22. 

Subregion  3 :  Karst  Plain 

Landtype  Association-G:  Weakly  Dissected 
Karst  Plain—  This  LTA  corresponds  to  soil  associ- 
ation Dl  (Crider-Baxter)  and  D3  (Fredonia-Pem- 
broke)  in  Kentucky  and  D41  (Pembroke-Crider) 
and  D42  (Baxter-Bewleyville-Pembroke)  in  Ten- 
nessee. 

Landtype  association-G  consists  of  mostly  deep, 
well  drained  intermingled  clayey  and  silty  soils 
some  of  which  are  cherty.  They  developed  in  thin 
loess,  alluvium,  and  clayey  residuum  from  moder- 
ately high-grade  limestone  situated  on  an  undulat- 
ing to  rolling  karst  plain.  This  broad  wavy  plain  is 
pitted  with  sinkholes  and  shallow  depressions 
which  connect  in  underground  drainageways.  Sur- 
face drainages  are  shallow  and  meandering;  there 
are  few  permanent  streams.  In  some  areas,  partic- 
ularly in  soil  association  D3,  the  landscape  is 
slightly  more  complex,  slopes  are  somewhat 
steeper,  soils  are  predominantly  less  than  60  inches 
thick,  and  limestone  outcrops  and  escarpments  are 
common.  Relief  ranges  from  30  to  90  feet.  Steepest 
parts  are  near  the  Barren  and  Green  Rivers  (LTA- 
M),  the  Red  River,  and  other  major  permanent 
creeks  and  rivers. 

Most  of  the  soils  in  LTA-G  are  quite  fertile.  Over 
75  percent  of  the  area  is  in  agriculture.  Woodlands 
usually  occur  on  the  steeper  and  poorly  drained 
parts  of  the  landscape.  Twelve  landtypes  are  recog- 
nized: 11,  12,  and  23-32. 

Landtype  Association-H:  Moderately  Dissected 
Karst  Plain—  This  LTA  corresponds  to  soil  associ- 
ation D4  (Crider-Vertress)  in  Kentucky. 

Landtype  association-H  consists  of  deep,  moder- 
ately well  drained  and  well  drained  soils  formed  in 
thin  loess  over  limestone  residuum,  and  deep  well 
drained  soils  formed  in  clayey  residuum  from  lime- 
stone and  thin  bedded  shale  and  siltstone  on  a  roll- 
ing upland  dissected  by  many  small  streams  and 
sinkholes.  The  surface  drainage  network  is  more 
denned  than  in  LTA-G,  although  many  streams 
drain  into  sinks  and  depressions. 

Relief  commonly  exceeds  100  feet  and  ranges  up 
to  160  feet  in  the  vicinity  of  larger  streams.  Slopes 
are  200  to  400  feet  long. 


This  LTA  is  extensively  farmed,  but  woodlai 
are  scattered  throughout  the  area.  Some  ab{ 
doned  farmland  is  reverting  to  woodland.  Ten  laii 
types  are  recognized:  11,  23,  27,  28,  and  31-36 

Landtype  Association-I:  Slump  Area.— This  L 
corresponds  to  soil  association  D5  (Sonora-Gatti  j 
in  Hardin,  Hart,  and  Larue  Counties,  Kentucky] 
is  characterized  by  localized  deposits  of  sandsto  u 
siltstone,  shale,  and  limestone  that  overlaid  the  i1 
Genevieve  limestone  (dominant  baserock  of  ij 
Pennyroyal)  and  slumped  into  sinkholes  and  cJ 
erns  during  an  earlier  cycle  of  karst  erosion.  I 
places  these  deposits  range  up  to  210  feet  thick,  a  i 
in  other  places  they  are  shallow  and  mixed  w4 
residual  soil  materials.  A  thin  capping  of  \oU, 
occurs  in  some  parts  of  the  area. 

Landtype  Association-I  consists  of  mostly  H 
drained  soils  formed  in  loamy,  unconsolidated  I 
siduum  of  sandstone,  siltstone,  and  shale  orig  t 
Topography  is  undulating  to  rolling  and  hilly  wd 
a  dendritic  drainage  pattern.  Relief  is  comraoi  li 
about  60  feet  but  may  range  up  to  100  feet  in  1 1 
vicinity  of  larger  streams. 

This  LTA  is  used  mainly  for  farming.  Small  word 
lots  are  common  and  there  are  a  few  large  wooc* 
tracts.  Some  abandoned  fields  are  reverting;; 
woodland.  Eight  landtypes  are  recognized:  11,  j 
32,  and  37-41. 


Subregion  4:  Major  River  Bottoms 


Landtype  Association- J:  Tennessee  River  23 V 
torn—  This  LTA  corresponds  to  soil  association  P  $ 
( Wolftever-Egam-Beason-Lindside)  along  theTtf 
nessee  River  in  Hardin,  northwestern  Wayne,  a  l! 
southeastern  Perry  Counties,  Tennessee. 

Landtype  association-J  consists  mostly  of  m<J 
erately  well  drained  and  somewhat  poorly  drain  ij 
clayey  soils,  and  some  silty  soils  that  formed  i 
mixed  alluvium  on  nearly  level  to  rolling  terrai  i 
and  floodplains. 

Most  of  LTA-J  has  been  cleared  for  agricultu  ( 
Only  the  steeper  and  wetter  areas  are  in  woodlai  i 
Two  landtypes  are  recognized:  42  and  43. 

Landtype  Association-K:  Buffalo  Rivi 
Bottom.— This  LTA  corresponds  to  soil  associatH 
A42  (Ennis-Humphreys-Lobelville)  along  the  B  f 
falo  River  in  west  central  Tennessee. 

Landtype  association-K  consists  mostly  of  d»  f 
well  drained  and  moderately  well  drained  chei : 
and  loamy  soils  formed  in  alluvium  on  level  to  m( : 
erately  steep  footslopes,  terraces,  and  floodplai  s 
The  entire  watershed  of  the  Buffalo  River  drai  u 


s  Western  Highland  Rim  plateau.  Alluvium  is 
shed  from  soils  derived  from  cherty  low-grade 
lestone  and  a  capping  of  loess. 
\hout  60  percent  of  LTA-K  is  in  agriculture.  The 
nainder  is  woodland  or  abandoned  fields.  The 
/er  lying  portions  are  frequently  flooded,  partic- 
,rly  in  late  winter  and  spring.  Two  landtypes  are 
ognized:  44  and  45. 

landtype  Association-L:  Cumberland,  Harpeth, 
ck,  and  Elk  River  Bottoms.— This  LTA  corre- 
>nds  to  soil  association  A43  (Arrington-Lindell- 
am-Armour)  along  the  Cumberland,  Harpeth, 
ck,  and  Elk  Rivers  in  Tennessee  and  northern 
ibama. 

^andtype  association-L  consists  mostly  of  well 
lined  and  moderately  well  drained  silty  soils  and 
w  clayey  soils  on  footslopes,  terraces,  and  flood- 
ins  of  rivers  which  originate  in  or  flow  through 
:  Nashville  Basin.  Most  soils  are  moderate  to 
h  in  phosphate.  On  the  floodplains,  coarse-tex- 
ed  and  better  drained  soils  are  on  the  highest 
las  adjacent  to  the  rivers  and  as  distance  from 
i  rivers  increases,  the  soils  become  progressively 
ire  clayey  and  less  well  drained, 
fluctuating  water  tables  and  occasional  flooding 
it  the  use  and  affect  the  management  of  this 
A.  Except  for  a  few  wooded  tracts  on  poorly 
ined  soils,  all  of  this  LTA  has  been  cleared  for 
iculture.  Two  landtypes  are  recognized:  46  and 


andtype  Association-M:  Green  and  Barren 
l\ier  Bottoms.— Bottoms  in  the  middle  and  upper 
itches  of  major  rivers  were  not  delineated  on  the 
ueral  soil  map  of  Kentucky.  However,  these  two 
ier  bottoms  are  similar  to  LTA's-J,  K,  and  L  and 
buld  be  recognized,  although  they  only  traverse 
|  Western  Pennyroyal-Limestone  Area  for  short 
lances.  The  upper  portion  of  these  two  rivers 
:}in  part  of  the  Eastern  Highland  Rim  and  Pen- 
itoyal  region  in  Kentucky  and  northern  Tennes- 

i 

...andtype  Association-M  consists  of  well  drained 
(Somewhat  poorly  drained  silty  soils  formed  in 
wed  old  alluvium  on  gently  sloping  to  strongly 
lping  terraces,  and  well  drained  to  very  poorly 
alined  soils  formed  in  young  mixed  alluvium  on 
Eel  to  gently  sloping  floodplains.  There  is  some 
\ience  of  loess  in  the  alluvium. 

Productivity  and  management  interpretations 
i  similar  to  LTA-L  except  soils  in  LTA-M  are 
nstly  in  the  mesic  temperature  regime  and  nei- 
1  r  the  Barren  or  Green  River  watersheds  contain 
cks  with  high  contents  of  phosphate. 


Seasonal  high  water  tables  and  occasional  flood- 
ing limit  the  use  and  affect  the  management  of  this 
LTA.  Most  of  LTA-L  has  been  cleared  for  agricul 
ture.  Two  landtypes  are  recognized:  48  and  49. 


LANDTYPES 

I  have  divided  each  landtype  association  into 
landtypes,  which  are  the  smallest  unit  of  the  land- 
scape recognized  in  this  classification  system.  Wertz 
and  Arnold  (1975)  describe  landtypes  as  visually 
identifiable  areas  each  being  reasonably  uniform  in 
soils  and  productivity  and  having  resulted  from 
similar  climatic  and  geological  processes. 

The  Western  Highland  Rim  and  Pennyroyal  re- 
gion has  49  landtypes  distributed  among  4  subre- 
gions  and  13  landtype  associations  (table  4).  Some 
are  common  to  as  many  as  seven  landtype  associa- 
tions while  others  are  characteristic  of  only  one 
association.  Figures  3  to  7  depict  how  these  land- 
types  occur  on  the  landscape  in  landtype  associa- 
tions A  to  I.  Only  one  major  river  bottom  (LTA- J) 
is  shown  (fig.  3)  because  bottoms  have  simple  land- 
scapes with  landtypes  defined  entirely  on  the  basis 
of  soil  drainage. 

Letters  in  the  upper  right-hand  corner  of  each 
landtype  description  identify  the  landtype  associa- 
tion^) in  which  each  landtype  occurs. 

Aspect  distinguishes  some  landtypes  and  is  re- 
corded as  either  north  or  south.  North  aspects  in- 
clude all  azimuths  from  315°  (northwest)  to  135° 
(southeast).  The  remainder  of  the  azimuth  circle 
represents  south  aspects. 

Each  landtype  is  described  in  terms  of  nine  ele- 
ments. The  Geographic  Setting  provides  an  over- 
all description  of  the  landtype,  specifying  both 
where  it  occurs  on  the  landscape  and  its  relation  to 
other  landtypes.  Some  key  soil  properties  such  as 
depth  and  texture  are  described  in  general  terms. 
Texture  refers  to  the  upper  part  (about  2  feet)  of 
the  subsoil.  Slope  is  classified  in  accordance  with 
SCS  standards  (Soil  Survey  Staff  1951 ). 

Slope  Classes  and  Corresponding  Percent  of  Slope 


Slope  percent 

0-2 

2-6 

6-10 
10-15 
15-25 
25-45 
45  + 


Class 
Level  or  nearly  level 
Gently  sloping 
Sloping 

Strongly  sloping 
Moderately  steep 
Steep 
Very  steep 


The  most  prevalent  soil  series  are  listed  under 
Dominant  Soils.  These  series  names  reflect  the 
most  recent  designations  in  soil  classification  and 
link  this  site  classification  system  with  county  soil 
surveys  published  by  the  SCS.  Users  who  wish  more 
detailed  information  can  refer  to  soil  series  descrip- 
tions issued  by  the  SCS. 

The  kind  of  Bedrock  or  Soil  Parent  Material 
and  Depth  to  Bedrock  are  listed  next.  Texture  of 
the  topsoil  (upper  5  to  8  inches)  is  described  in 
terms  of  the  12  conventional  classes,  which  are 
based  on  percentages  of  sand,  silt,  and  clay-size 
particles.  Textural  modifiers,  such  as  cherty  and 
gravelly,  are  used  where  the  amount  of  rock  frag- 
ments is  significant  (Soil  Survey  Staff  1951). 

The  seven  conventional  Soil  Drainage  classes 
are:  very  poorly  drained,  poorly  drained,  somewhat 
poorly  drained,  moderately  well  drained,  well 
drained,  somewhat  excessively  drained,  and  exces- 
sively drained  (Soil  Survey  Staff  1951).  Relative 
Soil  Water  Supply  of  each  landtype  is  rated  in  five 


classes:  very  low,  low,  medium,  high,  and  very  higt , 
This  qualitative  rating  is  based  on  the  avail ab  > 
water  holding  capacity  of  the  dominant  soils  (i 
function  of  soil  thickness  and  texture  includin; 
rock  fragments),  but  allowances  are  made  for  tl*. 
influence  of  soil  drainage,  topographic  position,  an 
aspect. 

Soil  Fertility  is  described  as:  very  low,  low,  moc 
erately  low,  moderate,  moderately  high,  high,  c 
very  high.  Some'  soils  (Bodine,  Brandon,  Dicksoi 
and  Mountview)  are  fairly  acid  and  derived  froi 
rocks  with  few  weatherable  minerals  while  othei 
(Braxton,  Crider,  Decatur,  and  Pembroke)  are  les 
acid  and  contain  more  weatherable  minerals.  Cor 
sequently,  fertility  of  Western  Highland  Rim  an 
Pennyroyal  soils  varies  widely  (Edwards  and  other 
1974,  Francis  and  Loftus  1977). 

The  most  common  woody  species  in  approximat 
order  of  abundance  are  listed  under  Vegetatioi 
Some  distinctive  herbaceous  species  are  include; 
Species  nomenclature  follows  Little  (1979)  and  Fei 


Table  4.— Summary  of  landtypes  and  their  occurrence  by  subregions  and  landtype  associations 


Landtype  number  and  name  by  subregion 


Landtype 
association1 


Highland  Rim  Plateau 

1.  Narrow  ridges  and  convex  upper  slopes. 

2.  Broad  undulating  Coastal  Plain  uplands. 

3.  Broad  ridges— north  aspect. 

4.  Broad  ridges— south  aspect. 

5.  Cherty  north  slopes. 

6.  Cherty  south  slopes. 

7.  Shaly  north  slopes. 

8.  Shaly  south  slopes. 

9.  Footslopes,  terraces,  streambottoms,  and  upland  depressions  with 
good  drainage. 

10.  Terraces,  streambottoms,  and  upland  depressions  with  poor  drainage. 

11.  Limestone  rockland  and  shallow  soils. 

12.  Broad  silty  uplands. 

13.  Broad  undulating  uplands. 

14.  Broad  ridges— north  aspect. 

15.  Broad  ridges— south  aspect. 

27.  Upland  flats,  depressions,  and  sinkholes  with  good  drainage. 

28.  Upland  flats,  depressions,  and  sinkholes  with  poor  drainage. 

Highland  Rim-Nashville  Basin  Transition 

1.  Narrow  ridges  and  convex  upper  slopes. 

11.  Limestone  rockland  and  shallow  soils. 

12.  Broad  silty  uplands. 

16.  North  slopes. 

17.  South  slopes. 

18.  Footslopes,  terraces,  and  streambottoms  with  good  drainage. 

19.  Terraces  and  streambottoms  with  poor  drainage. 

20.  Low  broad  ridges. 

21.  North  slopes  and  narrow  ridges. 

22.  South  slopes  and  narrow  ridges. 
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A,B 

A,B 

A,B 

A,B 

A,B,C,D 

A,B,C,D 

A 

A 

A,B,C,D 

A,B,C,D 

A,B 

C 

D 

C,D 
C,D 
CD 
CD 


E 
E,F 

E 

E 

E 

E,F 
E,F 

F 

F 

F 


Table  4.— Summary  of  landtypes  and  their  occurrence  by  subregions  and  landtype  associations- 
Continued 


Landtype  number  and  name  by  subregion 


Landtype 
association1 


Karst  Plain 

11.  Limestone  rockland  and  shallow  soils. 

12.  Broad  silty  uplands. 

23.  Broad  undulating  uplands. 

24.  Broad  ridges— north  aspect. 

25.  Broad  ridges— south  aspect. 

26.  Narrow  limestone  ridges  and  knoblike  hills. 

27.  Upland  flats,  depressions,  and  sinkholes  with  good  drainage. 

28.  Upland  flats,  depressions,  and  sinkholes  with  poor  drainage. 

29.  North  slopes. 

30.  South  slopes. 

31.  Terraces  and  stream  bottoms  with  good  drainage. 

32.  Terraces  and  streambottoms  with  poor  drainage. 

33.  Broad  ridges— north  aspect. 

34.  Broad  ridges— south  aspect. 

35.  North  slopes. 

36.  South  slopes. 

37.  Broad  undulating  uplands. 

38.  Broad  ridges— north  aspect. 

39.  Broad  ridges— south  aspect. 

40.  North  slopes. 

41.  South  slopes. 

Major  River  Bottoms 

42.  Terraces  and  floodplains  with  good  drainage. 

43.  Terraces  and  floodplains  with  poor  drainage. 

44.  Footslopes,  terraces,  and  floodplains  with  good  drainage. 

45.  Terraces  and  floodplains  with  poor  drainage. 

46.  Terraces  and  floodplains  with  good  drainage. 

47.  Terraces  and  floodplains  with  poor  drainage. 

48.  Footslopes,  terraces,  and  floodplains  with  good  drainage. 

49.  Terraces  and  floodplains  with  poor  drainage. 


G,H,I 

G 

G,H 

G 

G 

G 

G,H 

G,H 

G 

G 

G.H.I 

G,H,I 

H 

H 

H 

H 

I 

I 

I 

I 

I 


J 

J 
K 
K 
L 
L 
M 
M 


'See  table  3. 


Id  (1950).  Loblolly  pine,  which  occurs  on  many 
-idtypes,  is  native  only  in  northern  Alabama  and 
iuthern  Tennessee  but  has  been  planted  north  of 
i!  range  on  converted  sites  and  abandoned  fields. 


FOREST  MANAGEMENT 
INTERPRETATIONS 

5ach  landtype  is  evaluated  in  terms  of  productiv- 
tj  for  selected  species  of  trees  and  species  desirabil- 
tj  for  timber  production.  Also,  each  landtype  is 
i  ed  for  five  soil-related  problems  that  may  affect 
(est  management. 


Productivity 

Productivity  of  commercially  valuable  species  is 
expressed  as  site  index  and  as  average  annual 
growth  in  cubic  feet  per  acre.  Site  index  is  the  total 
height  attained  by  dominant  and  codominant  trees 
at  some  specified  age. 

For  all  naturally  occurring  species,  site  indices 
are  the  means  of  values  from  soil  survey  interpret- 
ations for  dominant  soils  in  each  landtype.  Inter- 
pretations are  issued  by  the  SCS  as  part  of  each  soil 
series  description.  SCS  personnel  obtained  height 
and  age  measurements  in  well-stocked,  even-aged, 
essentially  unmanaged  stands  that  had  not  been 
damaged  excessively  by  fire,  insects,  disease,  or 
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Figure  3.—Landtypes  characteristic  of  Landtype  Associations  A  and  B  in  Subregion 
1  and  Landtype  Association  J  in  Subregion  4. 


LEGEND 


1 .  Narrow  ridges  and  convex  upper  slopes. 

2.  Broad  undulating  Coastal  Plain  uplands. 

3.  Broad  ridges— north  aspect. 

4.  Broad  ridges— south  aspect. 

5.  Cherty  north  slopes. 

6.  Cherty  south  slopes. 

9.  Footslopes,  terraces,  streambottoms,  and  upland  depressions 

with  good  drainage. 
10.  Terraces,  streambottoms,  and  upland  depressions  with  poor 

drainage. 
42.  Terraces  and  floodplains  with  good  drainage. 
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Figure  A.-Landtypes  characteristic  of Landtype  Associations  C  (bottom)  and D  (top) 
in  Subregion  1. 

LEGEND 


5.  Cherty  north  slopes. 

6.  Cherty  south  slopes. 

9.  Footslopes,  terraces,  stream  bottoms,  and  upland  depressions 

with  good  drainage. 
10.  Terraces,  streambottoms,  and  upland  depressions  with  poor 
drainage. 

12.  Broad  silty  uplands. 

13.  Broad  undulating  uplands. 

14.  Broad  ridges— north  aspect. 

15.  Broad  ridges— south  aspect. 

27.  Upland  flats,  depressions,  and  sinkholes  with  good  drainage. 

28.  Upland  flats,  depressions,  and  sinkholes  with  poor  drainage. 
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CLAYEY  RESIDUUM 


Figure  b.-Landtypes  characteristic  of  Landtype  Associations  E  (left)  and  F  (right) 
in  Subregion  2.  Adapted  from  figures  4  and  5  in  Edwards  and  others 
(1974). 


LEGEND 


1.  Narrow  ridges  and  convex  upper  slopes. 

11.  Limestone  rockland  and  shallow  soils. 

12.  Broad  silty  uplands. 

16.  North  slopes. 

17.  South  slopes. 

18.  Footslopes,  terraces,  and  streambottoms  with  good  drainage. 

19.  Terraces  and  streambottoms  with  poor  drainage. 

20.  Low  broad  ridges. 

22.  South  slopes  and  narrow  ridges. 
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i      i       i    ~r 


ALLUVIUM 


Figure  6.-Landtypes  characteristic  of  Landtype  Associations  G  (left)  and  H  (right) 
in  Subregion  3. 


LEGEND 


23.  Broad  undulating  uplands. 

24.  Broad  ridges— north  aspect. 

25.  Broad  ridges— south  aspect. 

26.  Narrow  limestone  ridges  and  knoblike  hills. 

27.  Upland  flats,  depressions,  and  sinkholes  with  good  drainage. 

28.  Upland  flats,  depressions,  and  sinkholes  with  poor  drainage. 

29.  North  slopes. 

30.  South  slopes. 

31.  Terraces  and  streambottoms  with  good  drainage. 

32.  Terraces  and  streambottoms  with  poor  drainage. 

33.  Broad  ridges— north  aspect. 

34.  Broad  ridges— south  aspect. 

35.  North  slopes. 

36.  South  slopes. 
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Figure  1 .— Landtypes  characteristic  of  Landtype  Association  I  in  Subregion  3. 
Adapted  from  figure  4  in  Arms  and  others  (1979). 


LEGEND 


31.  Terraces  and  streambottoms  with  good  drainage. 

32.  Terraces  and  streambottoms  with  poor  drainage. 

37.  Broad  undulating  uplands. 

38.  Broad  ridges— north  aspect. 

39.  Broad  ridges— south  aspect. 

40.  North  slopes. 

41.  South  slopes. 
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azing.  These  stands  were  located  on  soils  repre- 
nting,  as  nearly  as  possible,  the  modal  concept  of 
ich  soil  series.  SCS  personnel  then  used  index 
irves  (Beck  1962;  Broadfoot  1960, 1963;  Broadfoot 
id  Krinard  1959;  Nelson  and  others  1961;  Schnur 
137;  U.S.  Forest  Service  1929;  and  Tennessee  Val- 
y  Authority  19482)  to  convert  height  and  age  data 

site  indices.  Site  index  curves  for  all  species  ex- 
pt  cottonwood  are  based  on  age  50  years;  those 
r  cottonwood  on  age  30  years. 

Site  indices,  base  age  25  years,  are  given  for  lob- 
»lly  and  shortleaf  pines  in  plantations  established 
n  abandoned  fields  (Smalley  and  Bower  1971) 
hen  data  for  specific  landtypes  were  available. 

In  a  few  cases  when  no  values  were  available,  site 

dices,  base  age  50  years,  of  important  species  were 
itimated.  Where  they  occur  in  tables  5  to  53  these 
itimated  values  are  enclosed  in  parentheses. 

Average  annual  growth  expressed  in  cubic  feet 
jr  acre  was  calculated  from  available  yield  tables 
McCarthy  1933,  Nelson  and  others  1961,  Schnur 
137,  U.S.  Forest  Service  1929,  and  Winters  and 
sborne  1935).  The  yield  tables  represent  either 
rnnal  or  fully-stocked  conditions.  Annual  growth 
i.tes  for  all  naturally  occurring  species  or  forest 
i[pes  were  averaged  over  50  years. 
'Average  annual  growth  rates  for  loblolly  and 
siiortleaf  pine  plantations  were  derived  from  Smal- 
fly  and  Bailey's  (1974a,  1974b)  variable-density 
veld  tables,  and  a  planting  density  of  1,000  seed- 
hgs  per  acre  was  assumed.  Average  growth  was 
ksed  on  40  years,  the  oldest  age  reported  in  the 
;eld  tables. 

Though  our  productivity  data  are  the  best  avail- 
£>le,  all  site  curves  and  yield  tables  except  those  for 
[antation-grown  loblolly  and  shortleaf  pine  were 
cveloped  either  for  geographic  areas  larger  than 
lit  including  the  Western  Highland  Rim  and  Pen- 
rroyal  or  for  areas  other  than  the  Western  High- 
lad  Rim  and  Pennyroyal. 

Yields  were  not  expressed  in  a  common  mer- 
cantability  standard,  so  care  should  be  exercised 
ucomparing  average  annual  yields  of  species  both 
vthin  and  between  landtypes.  Footnotes  to  tables 
|o  53  specify  merchantability  standards  used. 


!ie  index  curves  for  eastern  redcedar  based  on  data  from  271 
pts  throughout  the  Tennessee  River  Valley. 


Management  Problems 

Plant  competition  rates  the  invasion  of  un- 
wanted plants  after  openings  are  made  in  the  can- 
opy. Plant  competition  is  slight  if  unwanted  plants 
do  not  prevent  adequate  natural  regeneration,  in- 
terfere with  early  growth,  or  restrict  normal  devel- 
opment of  planted  or  seeded  seedlings.  Competition 
is  moderate  if  unwanted  plants  delay  establish- 
ment and  hinder  the  growth  of  regenerated  seed- 
lings or  if  they  retard  the  eventual  development  of 
a  fully  stocked  stand.  Competition  is  severe  if  un- 
wanted plants  prevent  adequate  restocking  with- 
out extensive  site  preparation  or  special  mainte- 
nance practices.  Competition  ratings  in  tables  5  to 
53  represent  regional  averages,  and  competition  on 
a  given  landtype  may  vary  as  a  result  of  past  land 
use. 

Seedling  Mortality  is  the  loss  of  artificially  es- 
tablished tree  seedlings  as  influenced  by  soils  and 
topographic  conditions,  assuming  that  planting  is 
done  properly  and  plant  competition  is  insignifi- 
cant. Rating  is  slight  if  expected  mortality  is  0  to  25 
percent,  moderate  if  expected  mortality  is  26  to  50 
percent,  and  severe  if  mortality  is  more  than  50 
percent.  If  the  rating  is  moderate  or  severe,  special 
preparation  of  the  seedbed  and  special  planting 
techniques  are  often  necessary  to  insure  a  fully 
stocked  stand. 

Equipment  Limitations  are  restrictions  on  the 
use  of  conventional  wheeled  or  tracked  equipment. 
Soil  and  topographic  characteristics  such  as  slope, 
drainage,  texture,  and  rockiness  influence  equip- 
ment limitations,  sometimes  necessitating  the  use 
of  different  kinds  of  equipment  and  methods  of  op- 
eration, or  restricting  the  season  when  equipment 
is  used.  Generally,  limitation  is  slight  if  slope  is  20 
percent  or  less  and  farm  machinery  can  operate 
efficiently  during  all  seasons.  The  rating  is  moder- 
ate if  slope  is  20  to  30  percent,  limits  the  use  of 
ordinary  farm  machinery,  and  requires  track-type 
equipment;  or  if  soil  wetness  prevents  the  use  of 
logging  vehicles  for  2  to  6  months  in  a  year.  The 
rating  is  severe  if  slope  exceeds  30  percent,  making 
track-type  equipment  inadequate  and  requiring 
power  vehicles  and  other  special  equipment;  or  if 
wetness  prevents  use  of  vehicles  for  6  months  or 
more  in  a  year. 

Erosion  Hazard  is  the  degree  of  potential  soil 
erosion  that  can  occur  during  and  after  forest  man- 
agement operations  that  expose  soil  along  roads. 
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skid  trails,  fire  lanes,  and  landing  areas.  The  ratings 
assume  that  the  forest  is  well  managed  and  is  pro- 
tected from  fire  and  grazing.  Soil  and  topographic 
characteristics  considered  in  rating  hazard  of  ero- 
sion include  slope,  infiltration,  permeability,  water 
holding  capacity,  and  resistance  to  detachment  of 
soil  particles  by  rainfall  and  runoff.  Slight  indicates 
that  no  special  measures  are  needed,  moderate  in- 
dicates that  some  attention  needs  to  be  given  to 
erosion  control,  and  severe  indicates  that  intensive 
erosion-control  measures  are  needed. 

Windthrow  Hazard  measures  how  soils  affect 
root  development  and  how  firmly  soils  hold  trees. 
The  hazard  is  slight  if  rooting  depth  is  more  than 
20  inches  and  trees  withstand  most  winds,  moder- 
ate if  effective  rooting  depth  is  10  to  20  inches  and 
some  trees  are  blown  down  during  excessive  soil 
wetness  and  strong  winds,  and  severe  if  effective 
rooting  depth  is  10  inches  or  less  and  trees  will  not 
stand  alone  in  strong  winds. 


Species  Desirability 

Three  categories  are  used  for  rating  Species  De- 
sirability of  species  that  commonly  occur  on  each 
landtype.  Most  Desirable  species  are  those  that 
have  potential  for  fast  growth,  high  value,  or  both. 
Acceptable  species  are  those  with  moderate  growth 
rate  or  value.  Least  Desirable  species  are  those  with 
slow  growth,  poor  quality,  or  both.  These  ratings 
represent  the  average  situation  for  the  region.  The 
presence  or  absence  of  local  markets  could  result  in 
a  species  being  assigned  to  another  category. 


USING  THE  SYSTEM 


This  guide  will  allow  professional  foresters,  forest 
landowners,  landuse  specialists,  forest  researchers, 
and  other  resource  professionals  to  make  onsite  de- 
terminations of  site  productivity  and  will  provide  a 
site-dependent  framework  for  forest  management 
planning  and  forest  research. 


To  make  onsite  determinations  of  productivi 
on  a  particular  tract  of  land  the  user  must  fi  i 
determine  the  subregion  and  landtype  associati 
in  which  the  tract  of  land  occurs  by  referring 
table  3  and  fig.  2.  Landtypes  common  to  each  lar 
type  association  are  shown  in  table  4.  Landty ; 
descriptions  and  landscape  drawings  (figs.  3  to 
will  enable  the  user  to  identify  specific  landtyp 
Information  about  productivity,  severity  of  rm 
agement  problems,  and  species  desirability  is  shoi 
on  pages  facing  the  landtype  descriptions  (table 
to  53). 

This  site  classification  system  provides  a  sou 
biological  basis  for  forest  management  planning  1  < 
cause  it  recognizes  inherent  site  differences  at 
soil-related  hazards.  When  the  system  is  adopt; 
landtypes  become  the  basic  unit  of  managemei  i 
Continuous  Forest  Inventory  or  other  forest  inveJ 
tory  systems  can  easily  be  incorporated  into  t]  i 
site  classification  system  to  obtain  information  i 
acreage,  stocking,  composition,  and  growth  of  f  i 
ests  by  landtypes.  Once  productivity  data  are  avs  ] 
able  for  landtypes  on  a  specific  tract,  they  shoi  i 
be  substituted  for  the  regional  values  in  the  apppj 
priate  tables. 

Users  should  be  aware  that  productivity  will  vg .;; 
within  a  landtype.  This  variation  should  be  handl  l| 
as  a  sampling  problem  dependent  on  the  desii  ti 
precision  of  the  productivity  information.  To  at* 
quately  sample  some  landtypes,  users  with  existi  i 
inventory  systems  may  be  required  to  install  n  \ 
plots  or  points.  Excessive  variation  in  productiv ; 
within  a  landtype  may  indicate  the  need  to  div:  1 
that  landtype  into  more  homogeneous  units. 

A  logical  vehicle  to  transfer  this  site  classificati  ■« 
system  into  a  valuable  forest  management  tooli 
landtype  map  (fig.  8),  which  can  be  used  in  I 
phases  of  management  from  day-to-day  activity 
to  long-range  planning.  The  number  and  scale  c 
maps  will  depend  on  size  of  ownership  and  h  \ 
intensively  one  wishes  to  manage.  Landtypes  c  if 
be  mapped  at  scales  of  1:10,000  to  1:60,000.  An  a 
as  small  as  2  acres  can  be  recognized  on  the  lar,'  H 
scale  maps.  Smoothness  of  the  terrain  will  det  i 
mine  maximum  size.  So  the  U.S.  Geological  Sun  i 
7V2  minute  quadrangle  sheets  (1:24,000)  make  > 
cellent  base  maps  on  which  to  delineate  landtyp  * 
Black  and  white  or  color  aerial  photos,  particula  I 
stereo  pairs,  can  also  serve  as  base  maps.  A  reas<  i 
able  amount  of  ground  checking  should  be  part  c 
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|e  mapping  process.  Owners  or  managers  of  large 
|acts  should  explore  the  advantages  of  computer- 
|fcnerated  mapping  of  landtypes  and  other  physical 
ad  biological  features  of  the  landscape  (Beeman 

:78). 

I  For  forest  researchers,  this  site  classification  sys- 
Im  provides  a  basis  for  stratifying  study  areas.  The 
(stem  also  aids  in  identifying  and  isolating  prob- 


lems that  need  to  be  researched.  For  example,  it 
became  apparent  in  compiling  site  index  and 
growth  information  that  little  mensuration  data 
specific  to  the  region  are  available.  Finally,  the  sys- 
tem provides  researchers  with  a  vehicle  for  quick 
transfer  of  research  results  to  the  practitioner. 
Study  results  can  be  reported  on  the  basis  of  their 
applicability  to  specific  landtypes. 


Figure  8.-^4  sample  landtype  map  for  Landtype  Association  A  (Strongly  dissected  Highland  Rim  plateau) 
in  Subregion  1.  Map  covers  a  tract  of  about  700  acres  located  in  the  northwest  quarter  of  the 
Riverside  Quadrangle,  Lewis  County,  Tennessee.  Scale  is  1:12,000. 
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Occurs  onLTA's  -  A,  B,  and  E 

Description  of  Landtype  1: 

Narrow  Ridges  and  Convex 
Upper  Slopes 

Geographic  Setting— Deep,  cherty  soils  on  undu- 
lating to  very  steep,  narrow  winding  ridgetops, 
knoblike  hills,  and  adjoining  convex  upper  slopes 
in  Subregions  1  and  2.  Slope  ranges  from  5  to  60 
percent.  Typically  this  landtype  is  no  wider  than 
250  feet.  Chert  fragments  are  common  on  the 
surface.  Twenty  to  eighty  percent  of  the  soil  mass 
may  be  chert  fragments  mostly  1  to  4  inches,  but 
some  fragments  may  be  2  feet  across. 

Dominant  Soils— Bodine  and  Fullerton. 

Bedrock— Cherty  limestone. 

Depth  to  Bedrock— More  than  5  feet. 

Texture— Cherty  silt  loam,  cherty  loam,  or  cherty 
sandy  loam. 

Soil  Drainage— Well  drained  to  somewhat  exces- 
sively drained. 

Relative  Soil  Water  Supply— Low. 

Soil  Fertility— Moderately  low. 

Vegetation— Scarlet  oak,  chestnut  oak,  post  oak, 
white  oak,  hickories,  southern  red  oak,  loblolly 
pine,  Virginia  pine,  and  shortleaf  pine;  occasional 
black  oak,  blackgum,  red  maple,  yellow-poplar, 
blackjack  oak  and  eastern  redcedar.  Dogwood, 
sourwood,  eastern  hophornbeam,  winged  elm, 
sassafras,  huckleberries,  and  wild  plum  are  com- 
mon in  the  understory. 
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ble  5 


—Forest  management  interpretations  for  Landtype  1:  Narrow  Ridges  and  Convex  Upper  Slopes. 
Footnotes  appear  on  page  1 18. 


PRODUCTIVITY 


Site 

index 

Average  annual  growth 
Cubic  feet  per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands1 

Old-field 
plantations4 

Loblolly  pine 
Short  leaf  pine 
Virginia  pine 
Eastern  redcedar 
Chestnut  oak 
Scarlet  oak 

65 

55 

55 

40 

55) 

55) 

(50) 
(40) 

95 
67 
41 

38 

117 

84 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment                      Erosion 
mortality                    limitations                       hazard 

Windthrow 
hazard 

Slight 

Moderate                     Moderate                     Moderate 
to  severe                       to  severe 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
Loblolly  pine 
Virginia  pine 


Hickories 
White  oak 
Chestnut  oak 
Black  oak 
S.  red  oak 
Scarlet  oak 
Yellow-poplar 


E.  redcedar 

E.  hophornbeam 

Post  oak 

Blackjack  oak 

Winged  elm 

Sassafras 

Red  maple 

Blackgum 

Dogwood 

Sourwood 
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Occurs  on  LTA's  —  A  and  B 

Description  of  Landtype  2: 

Broad  Undulating  Coastal 
Plain  Uplands 

Geographic  Setting— Moderately  deep  and  deep 
soils  on  gently  sloping  to  sloping  broad  ridges 
that  typically  occupy  the  smoother  and  higher 
parts  of  the  landscape  in  Subregion  1.  Slope  does 
not  exceed  12  percent,  but  the  area  with  slope 
greater  than  6  percent  is  small  and  aspect  is  not 
a  dominant  site  factor.  Soils  developed  in  2  to  4 
feet  of  loess  over  gravelly,  mostly  unconsolidated 
Coastal  Plain  sediments.  Volume  of  gravel  in  the 
C  horizon  ranges  from  20  to  90  percent.  Gravel  is 
mostly  chert,  but  some  is  quartz,  and  there  are 
cemented  layers  in  places.  On  steep  side  slopes 
below  these  broad  ridges,  the  Coastal  Plain  sedi- 
ments have  been  truncated  and  soils  developed 
in  the  underlying  cherty  limestone.  (See  Land- 
types  5  and  6.) 

Dominant  Soils— Brandon  and  Lax. 

Bedrock— Cherty  limestone. 

Depth  to  Bedrock— More  than  5  feet.  Lax  soils 
have  a  fragipan  at  depths  of  18  to  35  inches. 

Texture— Silt  loam;  gravelly  in  the  lower  horizons. 

Soil  Drainage— Well  drained  to  moderately  well 
drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderately  low. 

Vegetation— White  oak,  northern  red  oak,  black 
oak,  southern  red  oak,  hickories,  scarlet  oak,  lob- 
lolly pine,  shortleaf  pine,  Virginia  pine,  black- 
gum,  and  elms;  occasional  American  beech, 
chestnut  oak,  post  oak,  red  maple,  sweetgum,  and 
yellow-poplar.  Persimmon,  dogwood,  sassafras, 
and  sourwood  are  common  in  the  understory. 
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able  6.-Forest  management  interpretations  for  Landtype  2:  Broad  Undulating  Coastal  Plain  Uplands. 
Footnotes  appear  on  page  1 18. 


PRODUCTIVITY 


Site 

index 

Species 

Natural 

Old-field 

stands1 

plantations2 

Loblolly  pine 

80 

55 

Short  leaf  pine 

70 

(40) 

Virginia  pine 

70 

N.  red  oak 

70 

Yellow-poplar 

90 

Sweet  gum 

85 

Average  annual  growth 
Cubic  feet  per  acre 


Natural 
stands' 


123 

125 
92 

57 
90 


Old-field 
plantations4 


133 
84 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 

Slight 

Slight 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
Loblolly  pine 
Virginia  pine 
White  oak 
N.  red  oak 
Yellow-poplar 


Hickories 
Chestnut  oak 
Black  oak 
S.  red  oak 
Scarlet  oak 
Elms 
Sweet  gum 


American  beech 
Post  oak 
Sassafras 
Red  maple 
Blackgum 
Dogwood 
Sourwood 
Persimmon 
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Occurs  on  LTA's  —  A  and  B 

Description  of  Landtype  3: 

Broad  Ridges— North  Aspect 

Geographic  Setting— Deep,  silty  and  cherty  soils 
on  gently  sloping  to  rolling  north-facing  portions 
of  broad  ridgetops  and  adjoining  convex  upper 
slopes  in  Subregion  1.  This  landtype  extends 
from  the  ridge  crest  down  to  where  the  slope 
becomes  linear  or  nearly  so.  At  this  point  gra- 
dient usually  increases  noticeably.  Slope  ranges 
from  6  to  15  percent.  Soils  developed  in  2  to  3.5 
feet  of  loess  over  clayey  residuum  from  limestone 
some  of  which  is  cherty.  Chert  constitutes  as 
much  as  35  percent  of  the  soil  mass  and  is  concen- 
trated in  the  lower  solum.  Chert  fragments  occur 
on  the  surface  in  places. 

Dominant  Soils— Mountview,  Dickson,  and  Bew- 
leyville. 

Bedrock— Limestone  and  cherty  limestone. 

Depth  to  Bedrock— More  than  6  feet.  Dickson 
soils  have  a  fragipan  at  depths  of  24  to  36  inches. 

Texture— Silt  loam. 

Soil  Drainage— Well  drained  to  moderately  well 
drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderately  low. 

Vegetation— White  oak,  southern  red  oak,  black 
oak,  northern  red  oak,  hickories,  blackgum,  short- 
leaf  pine,  and  loblolly  pine;  occasional  scarlet  oak, 
chestnut  oak,  post  oak,  yellow-poplar,  red  maple, 
black  walnut,  white  ash,  black  cherry,  and  Vir- 
ginia pine.  Dogwood,  sourwood,  sassafras,  persim- 
mon, huckleberries,  and  winged  elm  are  common 
in  the  understory. 
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ble  l.-Forest  management  interpretations  for  Landtype  3:  Broad  Ridges— North  Aspect.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 


Species 


Site  index 

Natural 

Old-field 

stands1 

plantations2 

80 

55 

65 

(50) 

65 

70 

90 

Average 

annual  growth 

Cubic  feet 

per  acre 

Natural 

Old-field 

stands3 

plantations4 

123 

133 

113 

119 

70 

57 

90 

Loblolly  pine 
Short  leaf  pine 
Virginia  pine 
Upland  oaks 
Yellow-poplar 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Medium 

Slight                            Slight 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

phort  leaf  pine 
oblolly  pine 
31ack  walnut 
jiVhite  oak 
M. red  oak 
/ellow-poplar 
31ack  cherry 
Vhite  ash 


Virginia  pine 
Hickories 
Chestnut  oak 
Black  oak 
S.  red  oak 
Scarlet  oak 


Post  oak 

Sassafras 

Red  maple 

Blackgum 

Dogwood 

Sourwood 

Persimmon 
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Occurs  on  LTA's— A  and  B 

Description  of  Landtype  4: 

Broad  Ridges— South  Aspect 

Geographic  Setting— Deep,  silty  and  cherty  soils 
on  gently  sloping  to  rolling  south-facing  portions 
of  broad  ridgetops  and  adjoining  convex  upper 
slopes  in  Subregion  1.  This  landtype  extends 
from  the  ridge  crest  down  to  where  the  slope 
becomes  linear  or  nearly  so.  At  this  point  gra- 
dient usually  increases  noticeably.  Slope  ranges 
from  6  to  15  percent.  South-facing  ridges  tend  to 
be  somewhat  steeper  and  have  shallower  soils 
with  a  higher  chert  content  than  north-facing 
ridges.  Soils  developed  in  2  to  3.5  feet  of  loess  over 
clayey  residuum  from  limestone,  some  of  which 
is  cherty.  Chert  constitutes  as  much  as  35  percent 
of  the  soil  mass  and  is  concentrated  in  the  lower 
solum.  Chert  fragments  occur  on  the  surface  in 
places. 

Dominant  Soils— Mountview,  Dickson,  and  Bew- 
leyville. 

Bedrock— Limestone  and  cherty  limestone. 

Depth  to  Bedrock— More  than  6  feet.  Dickson 
soils  have  a  fragipan  at  depths  of  24  to  36  inches. 

Texture— Silt  loam. 

Soil  Drainage— Well  drained  to  moderately  well 
drained. 

Relative  Soil  Water  Supply— Medium  to  low. 

Soil  Fertility— Moderately  low. 

Vegetation— Southern  red  oak,  scarlet  oak,  post 
oak,  white  oak,  chestnut  oak,  hickories,  black- 
gum,  shortleaf  pine,  loblolly  pine,  and  Virginia 
pine;  occasional  black  oak,  red  maple,  yellow-pop- 
lar, and  eastern  redcedar.  Sassafras,  sourwood, 
dogwood,  huckleberries,  persimmon,  and  winged 
elm  are  common  in  the  understory. 
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fable  8-Forest  management  interpretations  for  Landtype  4:  Broad  Ridges— South  Aspect.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 

Site 

index 

Average  annual  growth 
Cubic  feet  per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
Upland  oaks 
Yellow-poplar 

75 
60 
60 
65 

80 

50 
(45) 

114 

102 

46 

51 

71 

117 
102 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Slight                          Slight 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
Loblolly  pine 
Virginia  pine 
Yellow-poplar 


Hickories 
White  oak 
Chestnut  oak 
Black  oak 
S.  red  oak 
Scarlet  oak 


E.  redcedar 
Post  oak 
Winged  elm 
Sassafras 
Red  maple 
Blackgum 
Dogwood 
Sourwood 
Persimmon 
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Occurs  on  LTA's-A,  B,  C,  and  D 

Description  of  Landtype  5: 

Cherty  North  Slopes 

Geographic  Setting— Moderately  deep  to  deep, 
silty  and  clayey  soils  that  are  mostly  cherty  on 
gently  sloping  to  very  steep  north-facing  linear  or 
nearly  linear  midslopes  in  Subregion  1.  This  land- 
type  lies  between  the  narrow  winding  ridgetops, 
broad  undulating  uplands,  and  broad  ridge- 
tops and  convex  upper  slopes  (Landtypes  1,  2,  3, 
12,  13,  and  14)  and  the  lower  concave  footslopes, 
terraces,  and  bottoms  of  streams  and  creeks 
(Landtypes  9  and  10)  or  footslopes,  terraces,  and 
floodplains  of  major  river  bottoms  (Landtypes  42 
and  47).  Slope  ranges  from  6  to  60  percent.  Chert 
fragments  and  limestone  outcrops  are  common 
on  the  surface.  As  much  as  85  percent  of  the  soil 
mass  may  be  coarse  fragments. 

Dominant  Soils— Bodine  and  Fullerton.  Talbott 
soils  are  also  common  in  an  irregular  band  east 
of  the  Tennessee  River  in  Wayne  and  Perry 
Counties,  Tennessee  (Soil  Association  D12). 

Bedrock— Limestone  and  cherty  limestone. 

Depth  to  Bedrock— More  than  60  inches  to  cherty 
limestone  under  Bodine  and  Fullerton  soils  and 
20  to  40  inches  to  limestone  under  Talbott  soils. 

Texture— Cherty  silt  loam,  cherty  loam,  and  silt 
loam.  Eroded  areas  have  finer  texture. 

Soil  Drainage— Well  drained  to  somewhat  exces- 
sively drained. 

Relative  Soil  Water  Supply— High  to  medium. 
Irrigated  by  subsurface  flow. 

Soil  Fertility— Moderate  to  moderately  low. 

Vegetation— White  oak,  black  oak,  southern  red 
oak,  yellow-poplar,  northern  red  oak,  hickories, 
blackgum,  red  maple;  occasional  scarlet  oak, 
chestnut  oak,  post  oak,  elms,  white  ash,  black 
walnut,  black  cherry,  eastern  redcedar,  American 
beech,  sugar  maple,  shortleaf  pine,  loblolly  pine, 
and  Virginia  pine.  Dogwood,  sassafras,  persim- 
mon, eastern  hophornbeam,  American  horn- 
beam, sourwood,  eastern  redbud,  devil's  club,  eu- 
onymus,  hydrangea,  and  huckleberries  are 
common  in  the  understory. 
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Fable  9 -Forest  management  interpretations  for  Landtype  5:  Cherty  North  Slopes  Footnotes  appear  on 
page  118. 


PRODUCTIVITY 


Site  index 

Average 

annual  growth 

Species 

Cubic  feet 

per  acre 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

Loblolly  pine 

75 

55 

114 

133 

Shortleaf  pine 

65 

45 

113 

102 

Virginia  pine 

70 

92 

E. redcedar 

50 

Black  oak    ) 
S.  red  oak     j 

70 

52 

Yellow-poplar 

90 

90 

MANAGEMENT  PROBLEMS 


Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Medium 

Slight  to 
moderate 

Slight  to 
moderate 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 

Hickories 

E.  redcedar 

Loblolly  pine 
Virginia  pine 
Black  walnut 
White  oak 
N.  red  oak 
Yellow-poplar 
Black  cherry 
White  ash 


Post  oak 
Chestnut  oak 
Black  oak 
S.  red  oak 
Scarlet  oak 
Elms 


American  hornbeam 

E.  hophornbeam 

American  beech 

Sassafras 

E.  redbud 

Maples 

Blackgum 

Dogwood 

Sourwood 

Persimmon 


Id 
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Occurs  on  LTA's-A,  B,  C,  and  D 

Description  of  Landtype  6: 

Cherty  South  Slopes 

Geographic  Setting— Moderately  deep  to  deep, 
silty  and  clayey  soils  that  are  mostly  cherty  on 
gently  sloping  to  very  steep  south-facing  linear 
or  nearly  linear  midslopes  in  Subregion  l.-This 
landtype  lies  between  the  narrow  winding  ridge- 
tops,  broad  undulating  uplands,  and  broad  ridges 
and  convex  upper  slopes  (Landtypes  1,  2,  4,  12, 
13,  and  15)  and  the  lower  concave  footslopes,  ter- 
races, and  bottoms  of  streams  and  creeks  (Land- 
types  9  and  10)  or  footslopes,  terraces,  and  flood- 
plains  of  major  river  bottoms  (Landtypes  42  and 
47).  Slope  ranges  from  6  to  60  percent.  Chert 
fragments  and  limestone  outcrops  are  common 
on  the  surface.  As  much  as  85  percent  of  the  soil 
mass  may  be  coarse  fragments.  South-facing 
slopes  tend  to  be  steeper  and  have  shallower  soils 
with  higher  rock  contents  than  north-facing 
slopes. 

Dominant  Soils— Bodine  and  Fullerton.  Talbott 
soils  are  common  in  an  irregular  band  east  of  the 
Tennessee  River  in  Wayne  and  Perry  Counties, 
Tennessee  (Soil  Association  D12). 

Bedrock— Limestone  and  cherty  limestone. 

Depth  to  Bedrock— More  than  60  inches  to  cherty 
limestone  under  Bodine  and  Fullerton  soils  and 
20  to  40  inches  to  limestone  under  Talbott  soils. 

Texture— Cherty  silt  loam,  cherty  loam,  and  silt 
loam.  Eroded  areas  have  finer  texture. 

Soil  Drainage— Well  drained  to  somewhat  exces- 
sively drained. 

Relative  Soil  Water  Supply— Medium  to  low. 

Soil  Fertility— Moderately  low. 

Vegetation— White  oak,  scarlet  oak,  chestnut  oak, 
post  oak,  hickories,  black  oak,  southern  red  oak, 
eastern  redcedar,  loblolly  pine,  Virginia  pine,  and 
shortleaf  pine;  occasional  red  maple,  elms,  black- 
gum,  and  yellow-poplar.  Sourwood,  dogwood, 
huckleberries,  euonymus,  winged  elm,  sassafras, 
and  wild  plum  are  common  in  the  understory. 
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ible  10-Forest  management  interpretations  for  Landtype  6:  Cherty  South  Slopes.  Footnotes  appear  on 
page  118. 

PRODUCTIVITY 


Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Species 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations- 

stands' 

plantations4 

Loblolly  pine 

65 

55 

95 

133 

Shortleaf  pine 

55 

(45) 

90 

102 

Virginia  pine 

60 

53 

E. redcedar 

40 

k 

Chestnut  oak   ) 

55 

38 

Scarlet  oak        f 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Moderate 

Slight  to 
moderate 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
Loblolly  pine 
Virginia  pine 


Hickories 
White  oak 
Chestnut  oak 
Black  oak 
S.  red  oak 
Scarlet  oak 
Elms 
Yellow-poplar 


E. redcedar 
Post  oak 
Winged  elm 
Red  maple 
Blackgum 
Dogwood 
Sourwood 
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Occurs  on  LTA— A 

Description  of  Landtype  7: 
Shaly  North  Slopes 

Geographic  Setting— Moderately  deep  to  deep, 
silty  soils  that  are  shaly  or  cherty  and  situated  on 
long  strongly  sloping  to  very  steep  north-facing 
linear  to  concave  slopes  above  streams  (Land- 
types  9  and  10)  that  have  cut  deeply  into  the 
Highland  Rim  plateau  in  Subregion  1.  These 
shaly  north  slopes  occur  below  ridges  and  convex 
upper  slopes  (Landtypes  1  and  3)  and  cherty 
sideslopes  (Landtype  5).  Landtype  7  differs  from 
Landtype  16  in  Subregion  2  (Highland  Rim- 
Nashville  Basin  transition)  in  that  the  streams 
have  not  cut  down  into  phosphatic  limestone. 
Slope  ranges  from  15  to  50  percent.  Outcrops  of 
shale  and  limestone  are  common  but  not  exten- 
sive. Fifty  percent  or  more  of  the  soil  mass  may 
be  shale,  chert,  or  limestone  fragments. 

Dominant  Soils— Sulphura  and  an  undefined  soil 
that  is  3  to  4  feet  to  interbedded  chert  and  shale. 

Bedrock— Shale  and  thin  lenses  of  limestone. 

Depth  to  Bedrock— 1  to  4  feet. 

Texture— Shaly  silt  loam.  In  places  cherty  material 
has  drifted  downslope. 

Soil  Drainage— Well  drained  to  excessively 
drained. 

Relative  Soil  Water  Supply  —  High  to  medium. 
Irrigated  by  subsurface  flow. 

Soil  Fertility— Moderate  to  moderately  low. 

Vegetation— White  oak,  black  oak,  southern  red 
oak,  yellow-poplar,  blackgum,  red  maple,  north- 
ern red  oak,  and  hickories;  occasional  scarlet  oak, 
chestnut  oak,  elms,  white  ash,  black  walnut, 
black  cherry,  American  beech,  sugar  maple,  black 
locust,  eastern  redcedar,  loblolly  pine,  shortleaf 
pine,  and  Virginia  pine.  Dogwood,  sassafras,  east- 
ern hophornbeam,  winged  elm,  American  horn- 
beam, sourwood,  huckleberries,  eastern  redbud, 
euonymus,  and  huckleberries  are  common  in  the 
understory. 
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able  11.— Forest  management  interpretations  for  Landtype  7:  Shaly  North  Slopes.  Footnotes  appear  on 
page  118. 

PRODUCTIVITY 


Site  index 

Cubic  feet 

per  acre 

Species 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

Loblolly  pine 

65 

95 

Shortleaf  pine 

55 

90 

Virginia  pine 

55 

41 

E. redcedar 

35 

... 

White  oak 

55 

38 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Severe                        Moderate 

Severe 

Moderate 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
Loblolly  pine 
Virginia  pine 
Black  walnut 
White  oak 
N.  red  oak 
Yellow-poplar 
Black  cherry 
White  ash 


Hickories 
Chestnut  oak 
Black  oak 
S.  red  oak 
Scarlet  oak 
Elms 


E.  redcedar 
American  hornbeam 
E.  hophornbeam 
American  beech 
Winged  elm 
Sassafras 
E.  redbud 
Black  locust 
Maples 
Blackgum 
Dogwood 
Sourwood 
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Occurs  on  LTA— A 

Description  of  Landtype  8: 

Shaly  South  Slopes 

Geographic  Setting— Moderately  deep  to  deep, 
silty  soils  that  are  shaly  or  cherty  and  situated 
on  long  strongly  sloping  to  very  steep  south-fac- 
ing linear  to  concave  slopes  above  streams  (Land- 
types  9  and  10)  that  have  cut  deeply  into  the 
Highland  Rim  plateau  in  Subregion  1.  These 
shaly  south  slopes  occur  below  the  ridges  and 
convex  upper  slopes  (Landtypes  1  and  4)  and 
cherty  sideslopes  (Landtype  6).  Landtype  8  dif- 
fers from  Landtype  17  in  Subregion  2  (Highland 
Rim-Nashville  Basin  transition)  in  that  the 
streams  have  not  cut  down  into  phosphatic  lime- 
stone. Slope  ranges  from  15  to  50  percent.  Out- 
crops of  shale  and  limestone  are  common  but  not 
extensive.  Fifty  percent  or  more  of  the  soil  mass 
may  be  shale,  chert,  or  limestone  fragments. 
South-facing  slopes  tend  to  be  steeper  and  have 
shallower  soils  with  higher  rock  content  than 
north-facing  slopes. 

Dominant  Soils— Sulphura  and  an  undefined  soil 
that  is  3  to  4  feet  to  interbedded  chert  and  shale. 

Bedrock— Shale  and  thin  lenses  of  limestone. 

Depth  to  Bedrock— 1  to  4  feet. 

Texture— Shaly  silt  loam.  In  places  cherty  material 
has  drifted  downslope. 

Soil  Drainage— Well  drained  to  excessively 
drained. 

Relative  Soil  Water  Supply— Low.  Irrigated  by 
subsurface  flow  but  south  slopes  dry  quickly. 

Soil  Fertility— Low. 

Vegetation— White  oak,  scarlet  oak,  chestnut  oak, 
hickories,  southern  red  oak,  black  oak,  eastern 
redcedar,  loblolly  pine,  shortleaf  pine,  and  Vir- 
ginia pine;  occasional  elms,  yellow-poplar,  black- 
gum,  American  beech,  white  ash,  sugar  maple, 
black  walnut,  black  cherry,  and  red  maple.  Dog- 
wood, sassafras,  sourwood,  winged  elm,  huckle- 
berries, eastern  hophornbeam,  American  horn- 
beam, and  euonymus  are  common  in  the 
understory. 
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ible  12—  Forest  management  interpretations  for  Landtype  8:  Shaly  South  Slopes.  Footnotes  appear  on 
page  118. 

PRODUCTIVITY 


Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Species 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

Loblolly  pine 

60 

86 

Shortleaf  pine 

50 

79 

Virginia  pine 

50 

<41 

E.  redcedar 

30 

t 

White  oak 

50 

32 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Severe 

Moderate 
to  severe 

Severe 

Moderate 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
Loblolly  pine 
Virginia  pine 
White  oak 
S.  red  oak 


Black  walnut 
Hickories 
Chestnut  oak 
Black  oak 
Scarlet  oak 
Elms 

Yellow-poplar 
Black  cherry 
White  ash 


E.  redcedar 
American  hornbeam 
E.  hophornbeam 
American  beech 
Winged  elm 
Sassafras 
Maples 
Blackgum 
Dogwood 
Sourwood 
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Occurs  on  LTA's-A,  B,  C,  and  D 

Description  of  Landtype  9: 

Footslopes,  Terraces, 
Streambottoms,  and  Upland 
Depressions  With  Good  Drainage 

Geographic  Setting— Deep  and  very  deep,-  silty 
and  loamy  soils  with  good  drainage  on  level  to 
steep  concave  footslopes,  terraces,  and  stream- 
bottoms,  and  in  upland  depressions  in  Subregion 
1.  Slope  ranges  from  0  to  45  percent.  This  land- 
type  typically  occurs  below  Landtypes  5  to  8  as 
long,  narrow  strips  along  intermittent  drainages 
and  as  level  bottomlands  along  permanent 
streams.  It  may  also  occur  as  small  isolated 
depressions  in  Landtypes  3  and  4.  When  Land- 
types  9  and  10  are  adjacent,  Landtype  9  occupies 
a  higher  position  on  the  landscape. 

Dominant  Soils— Cherty  Minvale,  Humphreys, 
Ennis,  Cannon,  and  Lobelville,  and  the  non- 
cherty  Etowah,  Emory,  Choccolocco,  Pruitton, 
and  Staser. 

Parent  Material— Alluvium  from  cherty  lime- 
stone, limestone,  and  loess. 

Depth  to  Bedrock— 5  to  15  feet. 

Texture  —  Cherty  silt  loam,  cherty  loam,  silt  loam, 
loam,  and  rarely  silty  clay  loam  and  fine  sandy 
loam. 

Soil  Drainage— Well  drained  to  moderately  well 
drained. 

Relative  Soil  Water  Supply— High.  Irrigated  by 
subsurface  drainage. 

Soil  Fertility— Moderately  high. 

Vegetation— White  oak,  yellow-poplar,  southern 
red  oak,  northern  red  oak,  blackgum,  hickories, 
sweetgum,  red  maple,  and  American  sycamore; 
occasional  cottonwood,  elms,  American  beech, 
hackberry,  black  oak,  eastern  redcedar,  black  wal- 
nut, black  cherry,  white  ash,  sugar  maple,  loblolly 
pine,  shortleaf  pine,  and  Virginia  pine.  Dogwood, 
cane,  winged  elm,  persimmon,  American  horn- 
beam, eastern  hophornbeam,  eastern  redbud, 
huckleberries,  sassafras,  sourwood,  pawpaw,  eu- 
onymus,  hawthorns,  and  hydrangea  are  common 
in  the  understory. 
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able  13—  Forest  management  interpretations  for  Landtype  9:  Footslopes,  Terraces,  Streambottoms,  and 
Upland  Depressions  with  Good  Drainage.  Footnotes  appear  on  page  118. 


PRODUCTIVITY 


Species 


Site  index 


Natural 
stands1 


Old-field 
plantations2 


Average  annual  growth 

Cubic  feet 

per  acre 

Natural 

Old-field 

stands3 

plantations4 

144 

133 

136 

120 

92 

62 

107 

81 

Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
Upland  oaks 
Yellow-poplar 
Sweetgum 
Cottonwood 


90 
75 
70 
80 
100 
90 
95 


55 

(50) 


MANAGEMENT  PROBLEMS 

Plant 
i    competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Severe 

Slight 

Slight  to 
moderate 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

JLoblolly  pine 
Cottonwood 
Black  walnut 
N.  red  oak 
Yellow-poplar 
Sweetgum 
American  sycamore 
Black  cherry 
White  ash 


Shortleaf  pine 
Virginia  pine 
Hickories 
White  oak 
Black  oak 
S.  red  oak 
Elms 


E.  redcedar 

American  hornbeam 

E.  hophornbeam 

American  beech 

Winged  elm 

Hackberry 

Sassafras 

E.  redbud 

Maples 

Blackgum 

Dogwood 

Sourwood 

Persimmon 
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Occurs  on  LTA*s-A,  B,  C,  and  D 

Description  of  Land  type  10: 

Terraces,  Streambottoms,  and 

Upland  Depressions  with 

Poor  Drainage 

Geographic  Setting— Deep  and  very  deep,  silty 
and  loamy  soils  with  poor  drainage  on  leVel  to 
nearly  level  terraces  and  streambottoms,  and  in 
upland  depressions  in  Subregion  1.  Slope  ranges 
from  0  to  2  percent.  This  landtype  typically 
occurs  below  Landtypes  5  to  8  as  long,  narrow 
strips  along  intermittent  drainages  and  as  level 
bottomlands  along  permanent  streams  and 
creeks.  It  may  also  occur  as  small  isolated  depres- 
sions in  Landtypes  3  and  4.  When  Landtypes  9 
and  10  are  adjacent,  Landtype  10  occupies  a 
lower  position  on  the  landscape. 

Dominant  Soils— Cherty  Lee  and  noncherty 
Chenneby. 

Parent  Material— Alluvium  from  cherty  lime- 
stone, limestone,  and  loess. 

Depth  to  Bedrock— More  than  5  feet. 

Texture— Cherty  silt  loam,  cherty  loam,  and  silt 
loam. 

Soil  Drainage— Somewhat  poorly  drained  to 
poorly  drained. 

Relative  Soil  Water  Supply— Very  high  to  high. 
Irrigated  by  subsurface  flow.  Seasonal  water  ta- 
ble. 

Soil  Fertility— Moderately  high. 

Vegetation— Sweetgum,  elms,  blackgum,  red  ma- 
ple, American  sycamore,  and  white  oak;  occa- 
sional willow  oak,  water  oak,  silver  maple,  Cot- 
tonwood, green  ash,  yellow-poplar,  loblolly  pine, 
black  willow,  American  beech,  and  hickories. 
Alder,  witch-hazel,  cane,  hydrangea,  dogwood, 
and  huckleberries  are  common  in  the  understory. 
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ble  14—  Forest  management  interpretations  for  Landtype  10:  Terraces,  Streambottoms,  and  Upland 
Depressions  with  Poor  Drainage.  Footnotes  appear  on  page  118. 

PRODUCTIVITY 


Site 

index 

Average  annual  growth 
Cubic  feet  per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Bottomland  oaks 
Yellow-poplar 
Sweetgum 
White  oak 
American  sycamore 

95 
95 

100 
95 
90 

100 

156 

107 

93 

>62 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Severe 

Moderate                     Moderate 
to  severe                       to  severe 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

oblolly  pine 
ottonwood 

Villow  oak 

Vater  oak 

Iweetgum 

Jreen  ash 


Hickories 
White  oak 
Elms 

Yellow-poplar 
American  sycamore 


Black  willow 
American  beech 
Maples 
Blackgum 
Dogwood 
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Occurs  on  LTA's-A,  B,  E,  F,  H,  and  I 

Description  of  Landtype  11: 

Limestone  Rockland  and 
Shallow  Soils 

Geographic  Setting— Small  to  extensive  areas  of 
limestone  outcrops  interspersed  with  patches  of 
shallow  to  moderately  deep,  clayey  soils  on 
gently  sloping  to  moderately  steep  ridgetops  and 
slopes,  along  incised  streams,  and  in  sinkholes  in 
Subregions  1,2,  and  3.  This  intricate  pattern  of 
soils  and  rockland  occurs  in  association  with 
many  landtypes.  Eastern  redcedar  often  domi- 
nates this  landtype.  Slope  ranges  from  1  to  40 
percent.  Soil  mass  may  contain  up  to  35  percent 
limestone  slabs.  More  than  50  percent  of  the  sur- 
face may  be  exposed  limestone  rock.  Where  the 
exposed  rock  is  extensive,  it  is  often  terraced,  but 
the  slope  of  each  terrace  is  nearly  horizontal. 

Dominant  Soils— Barfield,  Gladeville,  Fairmount, 
and  Corydon,  and  Limestone  Rockland.  Barfield 
and  Gladeville  soils  have  a  thermic  temperature 
regime  and  are  common  to  Alabama  and  Tennes- 
see; Fairmount  and  Corydon  soils  have  a  mesic 
temperature  regime  and  are  common  to  Ken- 
tucky. Pockets  of  moderately  deep  Talbott 
(thermic),  Fredonia  (mesic),  and  Caneyville 
(mesic)  soils  may  occur  in  this  landtype. 

Bedrock— Limestone. 

Depth  to  Bedrock— Mostly  less  than  20  inches  but 
ranges  up  to  40  inches  where  Talbott,  Fredonia, 
and  Caneyville  soils  occur. 

Texture— Silt  loam,  silty  clay  loam,  and  silty  clay. 

Soil  Drainage— Well  drained  to  excessively 
drained. 

Relative  Soil  Water  Supply— Low.  Seepage  is 
common  in  wet  weather  but  the  soil  dries  quickly. 

Soil  Fertility— Moderate. 

Vegetation— Eastern  redcedar,  hickories,  hack- 
berry,  rock  elm,  chinkapin  oak,  and  post  oak; 
occasional  bur  oak,  honeylocust,  Virginia  pine, 
blackjack  oak,  blue  ash,  and  white  ash.  Forbs, 
grasses,  sumac,  eastern  redbud,  winged  elm,  os- 
age-orange,  buckthorn,  hawthorns,  and  prickly 
pear  are  common  in  the  understory. 
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'able  15.— Forest  management  interpretations  for  Landtype  11:  Limestone  Rockland  and  Shallow  Soils. 
Footnotes  appear  on  page  118. 

PRODUCTIVITY 


Site  index 

Cubic  feet  per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural                     Old-field 
stands3                    plantations4 

E. redcedar 
Virginia  pine 
Upland  oaks 

40 

55 

(55) 

41 
43 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment                      Erosion 
mortality                    limitations                      hazard 

Windthrow 
hazard 

Slight 

Severe                        Moderate                     Moderate 
to  severe                       to  severe 

Moderate 
to  severe 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Virginia  pine 
E.  redcedar 


Hickories 
Bur  oak 
Post  oak 
Chinkapin  oak 
Rock  elm 
White  ash 
Blue  ash 


Blackjack  oak 
Winged  elm 
Hackberry 
Osage-orange 
E.  redbud 
Honeylocust 
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Occurs  on  LTA's-C,  E,  and  G 

Description  of  Land  type  12: 

Broad  Silty  Uplands 

Geographic  Setting— Deep,  silty  soils  on  gently 
sloping  to  strongly  sloping  broad  uplands  in 
Subregions  1,  2,  and  3.  Slope  ranges  from  1  to  15 
percent  but  is  commonly  6  percent  or  less,  and 
aspect  is  not  a  dominant  site  factor.  This  land- 
type  occurs  mostly  in  Landtype  Association  C 
where  it  may  exceed  0.25  mile  in  width.  Extensive 
areas  with  greater  slope  should  be  classified  as 
Landtypes  3  or  4.  In  Landtype  Association  E, 
this  landtype  generally  is  250  to  500  feet  wide  and 
occupies  the  scattered  higher  portions  of  the 
knobby  landscape  in  association  with  the  pre- 
dominant steep,  narrow  ridges  (Landtype  1).  In 
Landtype  Association  G,  this  landtype  is  of  lim- 
ited extent  and  occupies  the  higher  and  broader 
portions  of  the  karst  plain  in  association  with 
Landtypes  23,  24,  and  25. 

Dominant  Soils— Mountview  and  Dickson. 

Bedrock— Cherty  limestone. 

Depth  to  Bedrock— More  than  6  feet.  Dickson 
soils  have  fragipans  at  depths  ranging  from  24  to 
36  inches. 

Texture— Silt  loam. 

Soil  Drainage— Well  drained  and  moderately  well 
drained. 

Relative  Soil  Water  Supply— Low  to  medium. 

Soil  Fertility— Moderately  low. 

Vegetation— Southern  red  oak,  post  oak,  scarlet 
oak,  blackjack  oak,  hickories,  white  oak,  and 
blackgum;  occasional  chestnut  oak,  black  oak, 
eastern  redcedar,  black  cherry,  elms,  shortleaf 
pine,  Virginia  pine,  loblolly  pine,  yellow-poplar, 
sweetgum,  and  red  maple.  Dogwood,  huckleber- 
ries, sourwood,  sassafras,  and  winged  elm  are 
common  in  the  understory. 
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ible  16—  Forest  management  interpretations  for  Landtype  12:  Broad  Silty  Uplands.  Footnotes  appear 
on  page  118. 

PRODUCTIVITY 


Site  index 

Cubic  feet 

per  acre 

Species 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

Loblolly  pine 

80 

(50) 

123 

117 

Shortleaf  pine 

65 

(40) 

113 

84 

Virginia  pine 

60 

53 

Upland  oaks 

70 

52 

Yellow-poplar 

(75) 

90 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight  to 
moderate 

Slight 

Slight 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
Loblolly  pine 
Virginia  pine 
Black  oak 
Si  red  oak 
Scarlet  oak 


Hickories 
White  oak 
Post  oak 
Chestnut  oak 
Yellow-poplar 
Sweetgum 
Black  cherry 


E. redcedar 
Blackjack  oak 
Elms 
Sassafras 
Red  maple 
Blackgum 
Dogwood 
Sourwood 
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Occurs  on  LTA-D 

Description  of  Landtype  13: 

Broad  Undulating  Uplands 

Geographic  Setting— Deep,  silty  and  clayey  soils 
on  nearly  level  to  gently  sloping  uplands  in 
Subregion  1.  Slope  generally  does  not  exceed  6 
percent,  and  aspect  is  not  a  dominant  site  factor. 
This  landtype  may  be  0.5  mile  or  more  wide.  Typ- 
ically it  occupies  the  highest  part  of  the  land- 
scape and  grades  into  Landtypes  5  and  6.  Sink- 
holes and  depressions  are  common. 

Dominant  Soils— Bewleyville,  Curtistown,  Deca- 
tur, Dewey,  and  Waynesboro. 

Bedrock— Limestone. 

Depth  to  Bedrock— More  than  5  feet. 

Texture— Silt  loam,  loam,  silty  clay  loam;  some 
chert  in  the  lower  horizons. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— High  to  medium. 

Soil  Fertility— Moderately  low. 

Vegetation— Southern  red  oak,  scarlet  oak,  white 
oak,  black  oak,  yellow-poplar,  hickories,  elms,  red 
maple,  and  eastern  redcedar;  occasional  Ameri- 
can beech,  black  walnut,  loblolly  pine,  shortleaf 
pine,  Virginia  pine,  white  ash,  black  cherry,  and 
hackberry.  Dogwood,  persimmon,  sassafras,  red 
mulberry,  and  sourwood  are  common  in  the  un- 
derstory. 
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'able  17—  Forest  management  interpretations  for  Landtype  13:  Broad  Undulating  Uplands.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 


Species 


Site  index 


Average  annual  growth 
Cubic  feet  per  acre 


Natural 
stands1 


Old-field 
plantations2 


Natural 
stands3 


Old-field 
plantations4 


Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
E.  redcedar 


Shortleaf  pine 
Loblolly  pine 
Virginia  pine 
Black  walnut 
White  oak 
Yellow-poplar 
Black  cherry 
White  ash 


80 
75 
75 
45 


(50) 


123 
136 
120 


Hickories 
Black  oak 
S.  red  oak 
Scarlet  oak 
Elms 


117 


S.  red  oak 
White  oak 
Yellow-poplar 

70  \ 
75/ 

90 

52-62 
90 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight  to 
moderate 

Slight  to                      Slight  to 
moderate                      moderate 

Slight  to 
moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

E.  redcedar 
American  beech 
Hackberry 
Red  mulberry 
Sassafras 
Red  maple 
Dogwood 
Sourwood 
Persimmon 
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Occurs  on  LTA's— C  and  D 

Description  of  Landtype  14: 

Broad  Ridges— North  Aspect 

Geographic  Setting— Deep,  mostly  clayey  soils  on 
gently  sloping  to  hilly  north-facing  portions  of 
broad  ridgetops  and  adjoining  convex  upper 
slopes  in  Subregion  1.  This  landtype  extends 
from  the  ridge  crest  down  to  where  the  slope 
becomes  linear  or  nearly  so.  At  this  point  gra- 
dient usually  increases  noticeably.  Slope  ranges 
from  6  to  25  percent.  In  Fullerton  soils  chert 
constitutes  as  much  as  35  percent  of  the  soil 
mass.  When  the  land  is  cleared,  erosion  is  a  prob- 
lem on  the  steeper  parts. 

Dominant  Soils— Decatur,  Dewey,  and  Fullerton. 

Bedrock— Limestone. 

Depth  to  Bedrock— More  than  5  feet. 

Texture— Silt  loam,  loam,  cherty  silt  loam,  and 
cherty  loam;  if  eroded,  silty  clay  loam,  silty  clay, 
or  cherty  silty  clay  loam. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderate  to  moderately  high. 

Vegetation— Southern  red  oak,  scarlet  oak,  white 
oak,  black  oak,  red  maple,  hickories,  yellow-pop- 
lar, and  eastern  redcedar;  occasional  American 
beech,  elms,  white  ash,  black  walnut,  black 
cherry,  loblolly  pine,  shortleaf  pine,  and  Virginia 
pine.  Dogwood,  persimmon,  sassafras,  sourwood, 
and  red  mulberry  are  common  in  the  understory. 


46 


ble  18—  Forest  management  interpretations  for  Landtype  14:  Broad  Ridges— North  Aspect.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 

Species 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

Loblolly  pine 

75 

(55) 

114 

133 

Short  leaf  pine 

70 

125 

Virginia  pine 

70 

92 

E.  redcedar 

50 

k 

White  oak 

70  \ 

52 

p.  red  oak 

70  J 

Yellow-poplar 

90 

90 

MANAGEMENT  PROBLEMS 

Plant 

Seedling 

Equipment 

Erosion 

Windthrow 

1   competition 

mortality 

limitations 

hazard 

hazard 

Slight  to 

Slight  to 

Slight  to 

Slight  to 

Slight 

moderate 

moderate 

moderate 

moderate 

SPECIES  DESIRABILITY 

Most 

Acceptable 

Least 

desirable 

desirable 

Shortleaf  pine 

Hickories 

E.  redcedar 

Loblolly  pine 

Black  oak 

American  beech 

Virginia  pine 

Scarlet  oak 

Red  mulberry 

Black  walnut 

Elms 

Sassafras 

iWhite  oak 

Red  maple 

j3.  red  oak 

Dogwood 

Yellow-poplar 

Sourwood 

Black  cherry 

Persimmon 

White  ash 
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Occurs  on  LTA's— C  and  D 

Description  of  Landtype  15: 

Broad  Ridges— South  Aspect 

Geographic  Setting— Deep,  mostly  clayey  soils  on 
gently  sloping  to  hilly  south-facing  portions  of 
broad  ridgetops  and  adjoining  convex  upper 
slopes  in  Subregion  1.  This  landtype  extends 
from  the  ridge  crest  down  to  where  the  slope 
becomes  linear  or  nearly  so.  At  this  point  gra- 
dient usually  increases  noticeably.  Slope  ranges 
from  6  to  25  percent.  South-facing  ridges  tend  to 
be  somewhat  steeper  and  have  shallower  soils 
than  north-facing  ridges.  In  Fullerton  soils  chert 
constitutes  as  much  as  35  percent  of  the  soil 
mass.  When  the  land  is  cleared,  erosion  is  a  prob- 
lem on  the  steeper  parts. 

Dominant  Soils— Decatur,  Dewey,  and  Fullerton. 

Bedrock— Limestone. 

Depth  to  Bedrock— More  than  5  feet. 

Texture— Silt  loam,  loam,  cherty  silty  loam,  and 
cherty  loam;  if  eroded,  silty  clay  loam,  silty  clay, 
or  cherty  silty  clay  loam. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderate  to  moderately  high. 

Vegetation— Southern  red  oak,  scarlet  oak,  hicko- 
ries, white  oak,  black  oak,  and  eastern  redcedar; 
occasional  yellow-poplar,  chestnut  oak,  post  oak, 
red  maple,  elms,  loblolly  pine,  shortleaf  pine,  and 
Virginia  pine.  Dogwood,  persimmon,  sassafras, 
sourwood,  and  huckleberries  are  common  in  the 
understorv. 
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ble  19.— Forest  management  interpretations  for  Landtype  15:  Broad  Ridges— South  Aspect.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 

Species 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Bhortleaf  pine 
Virginia  pine 
E.  redcedar 
White  oak 
5.  red  oak 

70 

65 

65 

40 

65) 

65j 

(50) 

104 
113 

70 

48 

117 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight  to 
moderate 

Moderate 

Slight  to 
moderate 

Slight  to 
moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
Loblolly  pine 
j/irginia  pine 
White  oak 
?.  red  oak 

Hickories 
Post  oak 
Chestnut  oak 
Black  oak 
Scarlet  oak 
Elms 
Yellow-poplar 

E.  redcedar 

Sassafras 

Red  maple 

Dogwood 

Sourwood 

Persimmon 

1" 

•1 

1 
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Occurs  on  LTA-E 

Description  of  Landtype  16: 

North  Slopes 

Geographic  Setting— Moderately  deep  to  deep, 
silty  and  clayey,  soils  that  are  mostly  shaly  or 
cherty  and  situated  on  north-facing  linear  to  con- 
cave midslopes  and  lower  slopes  in  Subregion  2. 
This  landtype  lies  between  the  high  broad  up- 
lands or  narrow  winding  ridges  and  knoblike  hills 
and  adjoining  convex  upper  slopes  (Landtypes  1 
and  12)  and  lower  slopes,  terraces  and  streambot- 
toms  (Landtypes  18  and  19).  Slope  ranges  from  2 
to  50  percent  but  is  mainly  20  to  40  percent. 
Sulphura  soils  contain  10  to  25  percent  shale  and 
chert  fragments  in  the  topsoil  and  35  to  55  per- 
cent in  the  subsoil.  Dellrose  soils  contain  10  to  35 
percent  chert  fragments. 

Dominant  Soils— Sulphura,  Dellrose,  and  Mi- 
mosa. Sulphura  soils  formed  in  a  thin  mantle  of 
cherty  material  of  high  silt  content  over  resid- 
uum from  shale.  Dellrose  soils  formed  in  cherty 
medium-textured  creep  more  than  5  feet  thick. 
Mimosa  soils  formed  mostly  in  clayey  residuum 
from  limestone  that  was  moderate  to  high  in 
phosphates.  Sulphura  soils  lie  as  narrow  strips 
below  Bodine  and  Fullerton  soils  and  above  Dell- 
rose soils,  which  lie  above  Mimosa  soils. 

Bedrock— Shale  and  phosphatic  limestone. 

Depth  to  Bedrock— 20  to  40  inches  to  shale;  60  to 
80  or  more  inches  to  phosphatic  limestone. 

Texture— Cherty  silt  loam,  cherty  loam,  or  silt 
loam. 

Soil  Drainage— Somewhat  excessively  drained 
and  well  drained. 

Relative  Soil  Water  Supply— Medium  to  high.  Ir- 
rigated by  subsurface  flow.  Seeps  occur  in  places. 

Soil  Fertility— Moderate  to  moderately  high. 

Vegetation— White  oak,  black  oak,  northern  red 
oak,  yellow-poplar,  hickories,  blackgum,  elms,  red 
maple,  and  American  beech;  occasional  chestnut 
oak,  scarlet  oak,  southern  red  oak,  black  walnut, 
white  ash,  black  cherry,  cucumbertree,  hack- 
berry,  black  locust,  sassafras,  eastern  red- 
cedar,  and  loblolly  pine.  Dogwood,  eastern 
redbud,  American  hornbeam,  eastern  hophorn- 
beam,  devil's  club,  pawpaw,  huckleberries,  and 
euonvmus  are  common  in  the  understory. 
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able  20.— Forest  management  interpretations  for  Landtype  16:  North  Slopes.  Footnotes  appear  on 
page  118. 


PRODUCTIVITY 


Site  index 

Average 

annual  growth 

Cu 

bic  feet  per  acre 

Species 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands' 

plantations4 

Loblolly  pine 

75 

114 

N.  red  oak 

75  1 

White  oak 

(70)/ 

52-57 

Yellow-poplar 

100 

107 

Hickories 

(75) 

Black  walnut 

(75) 

White  ash 

(75) 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment                      Erosion 
mortality                    limitations                       hazard 

Windthrow 
hazard 

Moderate 

Slight                        Slight  to                      Slight  to 
moderate                      moderate 

Moderate 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Black  walnut 
White  oak 
N.  red  oak 
Yellow-poplar 
Black  cherry 
White  ash 


Hickories 
Chestnut  oak 
Black  oak 
S.  red  oak 
Scarlet  oak 
Elms 
Cucumbertree 


E.  redcedar 

American  hornbeam 

E.  hophornbeam 

American  beech 

Hackberry 

Sassafras 

E.  redbud 

Black  locust 

Maples 

Blackgum 

Dogwood 

Sourwood 
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Occurs  on  LTA-E 

Description  of  Landtype  17: 

South  Slopes 

Geographic  Setting— Moderately  deep  to  deep, 
silty  and  clayey  soils  that  are  mostly  shaly  or 
cherty  and  situated  on  south-facing  linear  to  con- 
cave midslopes  and  lower  slopes  in  Subregion  2. 
This  landtype  lies  between  the  high  broad  up- 
lands or  narrow  winding  ridges  and  knoblike  hills 
and  adjoining  convex  upper  slopes  (Landtypes  1 
and  12)  and  lower  slopes,  terraces,  and  stream- 
bottoms  (Landtypes  18  and  19).  Slope  ranges 
from  2  to  50  percent  but  is  mainly  20  to  40  per- 
cent. South-facing  slopes  tend  to  be  steeper  and 
have  shallower  soils  with  higher  rock  contents 
than  north-facing  slopes.  Sulphura  soils  contain 
10  to  25  percent  shale  and  chert  fragments  in  the 
topsoil  and  35  to  55  percent  in  the  subsoil.  Dell- 
rose  soils  contain  10  to  35  percent  chert  frag- 
ments. 

Dominant  Soils— Sulphura,  Dellrose,  and  Mi- 
mosa. Sulphura  soils  formed  in  a  thin  mantle  of 
cherty  material  of  high  silt  content  over  resid- 
uum from  shale.  Dellrose  soils  formed  in  cherty 
medium-textured  creep  more  than  5  feet  thick. 
Mimosa  soils  formed  mostly  in  residuum  from 
limestone  that  was  moderate  to  high  in  phos- 
phates. Sulphura  soils  lie  as  narrow  strips  below 
Bodine  and  Fullerton  soils  and  above  Dellrose 
soils,  which  lie  above  Mimosa  soils. 

Bedrock— Shale  and  phosphatic  limestone. 

Depth  to  Bedrock— 20  to  40  inches  to  shale;  60  to 
80  or  more  inches  to  phosphatic  limestone. 

Texture— Cherty  silt  loam,  cherty  loam,  or  silt 
loam. 

Soil  Drainage— Somewhat  excessively  drained 
and  well  drained. 

Relative  Soil  Water  Supply— Medium.  Irrigated 
by  subsurface  flow. 

Soil  Fertility— Moderate. 

Vegetation— White  oak,  scarlet  oak,  southern  red 
oak,  black  oak,  chestnut  oak,  and  hickories;  oc- 
casional red  maple,  blackgum,  elms,  black  locust, 
chinkapin  oak,  yellow-poplar,  American  beech, 
black  walnut,  black  cherry,  sugar  maple,  white 
ash,  eastern  redcedar,  and  loblolly  pine.  Dog- 
wood, sassafras,  sourwood,  eastern  redbud,  and 
hawthorns  are  common  in  the  understory. 
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['able  2\.-Forest  management  interpretations  for  Landtype  17:  South  Slopes.  Footnotes  appear  on  page 
118. 

PRODUCTIVITY 


Species 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Natural 
stands1 

Old-field 
plantations2 

Natural                      Old-field 
stands3                   plantations4 

Loblolly  pine 
Upland  oaks 
E. redcedar 

65 

60 
45 

95 
43 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Moderate 

Slight  to 
moderate 

Slight  to 
moderate 

Moderate 

SPECIES  DESIRABILITY 

Most 

Acceptable 

Least 

desirable 

desirable 

Loblolly  pine 

E.  redcedar 

American  beech 

White  oak 

Black  walnut 

Sassafras 

Black  oak 

Hickories 

E.  redbud 

S.  red  oak 

Chestnut  oak 

Black  locust 

Chinkapin  oak 

Maples 

Scarlet  oak 

Blackgum 

Elms 

Dogwood 

Yellow-poplar 

Sourwood 

Black  cherry 

White  ash 
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Occurs  on  LTA's— E  and  F 

Description  of  Landtype  18: 

Footslopes,  Terraces,  and 

Streambottoms  with 

Good  Drainage 

Geographic  Setting— Deep,  mostly  silty  soils  with 
good  drainage  on  level  to  strongly  sloping  foot- 
slopes,  terraces,  and  streambottoms  in  Subregion 
2.  Slope  ranges  from  0  to  12  percent.  This  land- 
type  typically  occurs  below  Landtypes  16,  17,  21 
and  22  as  long,  narrow  strips  along  intermittent 
drainages  and  as  level  bottomlands  along  perma- 
nent streams.  When  Landtypes  18  and  19  are  ad- 
jacent, Landtype  18  occupies  a  higher  position  on 
the  landscape. 

Dominant  Soils— Armour,  Britton,  Arlington, 
Egam,  and  Lynnville. 

Parent  Material— Mostly  alluvium  washed  from 
soils  developed  in  residuum  from  phosphatic 
limestone.  Armour  soils  developed  in  2  to  4  feet 
of  loess  over  alluvium. 

Depth  to  Bedrock— 4  to  15  feet  to  phosphatic 
limestone. 

Texture— Silt  loam  and  silty  clay  loam. 

Soil  Drainage— Well  drained  to  moderately  well 
drained. 

Relative  Soil  Water  Supply— High.  Footslopes  ir- 
rigated by  subsurface  flow.  Terraces  and  bottoms 
subject  to  occasional  flooding. 

Soil  Fertility— High  to  moderately  high. 

Vegetation— White  oak,  northern  red  oak,  red  ma- 
ple, blackgum,  southern  red  oak,  hickories, 
sweetgum,  and  American  sycamore;  occasional 
American  beech,  elms,  hackberry,  yellow-poplar, 
sugar  maple,  cottonwood,  boxelder,  river  birch, 
black  cherry,  black  walnut,  white  ash,  eastern 
redcedar,  shortleaf  pine,  and  loblolly  pine.  Dog- 
wood, cane,  osage-orange,  and  euonymus  are 
common  in  the  understory. 
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able  22.-Forest  management  interpretations  for  Landtype  18:  Footslopes,  Terraces,  and  Streambottoms 
with  Good  Drainage.  Footnotes  appear  on  page  118. 


PRODUCTIVITY 


Species 


Site  index 


Natural 
stands1 


Average  annual  growth 
Cubic  feet  per  acre 


Old-field 

plantations2 


Natural 
stands5 


Old-field 
plantations4 


Loblolly  pine 
Shortleafpine 
White  oak 
S.  red  oak 
Yellow-poplar 


90 

80 

80 

80 

100 


144 
148 

62 
107 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 
to  severe 

Slight 

Slight  to 
moderate 

Slight 

Slight 

SPECIES  DESIRABILITY 


Most 
desirable 


Acceptable 


Least 
desirable 


Shortleafpine 
Loblolly  pine 
Cottonwood 
Black  walnut 
White  oak 
N.  red  oak 
S.  red  oak 
Yellow-poplar 
j  Sweet  gum 
Black  cherry 
White  ash 


Hickories 

Elms 

American  sycamore 


E.  redcedar 
River  birch 
American  beech 
Hackberry 
Osage-orange 
Maples 
Blackgum 
Dogwood 
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Occurs  on  LTA's— E  and  F 

Description  of  Landtype  19: 

Terraces  and  Streambottoms  with 
Poor  Drainage 

Geographic  Setting— Deep,  mostly  clayey  soils 
with  poor  drainage  on  level  to  gently  sloping  ter- 
races and  streambottoms  in  Subregion  2.  Slope 
ranges  from  0  to  5  percent.  This  landtype  typi- 
cally occurs  below  landtypes  16,  17,  21,  and  22  as 
long,  narrow  strips  along  intermittent  drainages 
and  on  level  bottomlands  along  permanent 
streams.  When  Landtypes  18  and  19  are  adja- 
cent, Landtype  19  occupies  a  lower  position  on 
the  landscape. 

Dominant  Soils— Godwin,  Lanton,  and  Mhoon. 

Parent  Material— Alluvium  washed  from  soils  de- 
veloped in  residuum  from  phosphatic  limestone 
and  a  variable  amount  of  loess. 

Depth  to  Bedrock— More  than  5  feet  to  phos- 
phatic limestone. 

Texture— Silt  loam  and  silty  clay  loam. 

Soil  Drainage— Somewhat  poorly  drained  to 
poorly  drained. 

Relative  Soil  Water  Supply— High  to  very  high. 
Soils  have  a  seasonally  fluctuating  water  table 
and  are  subject  to  occasional  flooding. 

Soil  Fertility-High. 

Vegetation— Willow  oak,  water  oak,  sweetgum,  red 
maple,  blackgum,  green  ash,  and  American  syca- 
more; occasional  boxelder,  elms,  white  ash,  yel- 
low-poplar, cottonwood,  hickories,  and  loblolly 
pine.  Dogwood  and  cane  are  common  in  the  un- 
derstory. 
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ible  23.— Forest  management  interpretations  for  Landtype  19:  Terraces  and  Streambottoms  with  Poor 
Drainage.  Footnotes  appear  on  page  118. 


PRODUCTIVITY 

Species 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
Water  oak 
jSweetgum 
(Cottonwood 
.Green  ash 

90 
90 
95 
105 
90 

» 

144 
93 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Severe 

Moderate 
to  severe 

Moderate 
to  severe 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
.Cottonwood 
Willow  oak 
Water  oak 
Sweet  gum 

Green  ash 

it 

Hickories 
Elms 

Yellow-poplar 
American  sycamore 
White  ash 

Red  maple 
Boxelder 
Blackgum 
Dogwood 
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Occurs  on  LTA-F 

Description  of  Landtype  20: 

Low  Broad  Ridges 

Geographic  Setting— Deep,  silty  and  clayey  soils 
on  nearly  level  to  sloping  broad,  smooth  tops  of 
low-lying  hills  below  the  surrounding  higher 
ridges  and  slopes  (Landtypes  1,  5-8,  and  12)  in 
Subregion  2.  Slope  ranges  from  0  to  10  percent 
but  is  usually  6  percent  or  less,  and  aspect  is  not 
a  dominant  site  factor.  Soils  developed  in  2  feet 
or  less  of  loess  over  old  alluvium  or  in  old  valley 
fill  and  residuum  from  phosphatic  limestone. 

Dominant  Soils— Maury  and  Harpeth.  Soils  class- 
ified as  Maury  soils  in  the  Nashville  Basin  are 
slightly  warmer  than  the  range  defined  for  the 
series.  But,  because  they  are  so  similar  in  mor- 
phology, composition,  and  behavior  to  soils  of  the 
Maury  series  they  are  considered  taxadjuncts  to 
that  series. 

Bedrock— Phosphatic  limestone. 

Depth  to  Bedrock— 5  to  15  feet. 

Texture— Silt  loam  and  silty  clay  loam.  Some  chert 
fragments  occur  in  the  lower  horizons  of  Maury 
soils. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Medium  to  high. 

Soil  Fertility— Moderately  high  to  high. 

Vegetation— White  oak,  northern  red  oak,  black 
oak,  hickories,  sugar  maple,  scarlet  oak,  southern 
red  oak,  elms,  white  ash,  and  eastern  redcedar; 
occasional  hackberry,  American  beech,  chinka- 
pin oak,  honeylocust,  Kentucky  coffeetree,  yel- 
low-poplar, black  cherry,  black  walnut,  shortleaf 
pine,  and  loblolly  pine.  Winged  elm,  persimmon, 
eastern  redbud,  and  sassafras  are  common  in  the 
understory. 
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'able  24.— Forest  management  interpretations  for  Landtype  20:  Low  Broad  Ridges.  Footnotes  appear  on 
page  118. 


PRODUCTIVITY 

Site  index 

Average  annual  growth 

Species 

Cubic  feet  per  acre 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

Loblolly  pine 

90 

144 

Shortleaf  pine 

80 

148 

E.  redcedar 

50 

N.  red  oak 

80 

k 

62 

Yellow-poplar 

90 

90 

MANAGEMENT  PROBLEMS 

Plant 

Seedling 

Equipment 

Erosion 

Windthrow 

competition 

mortality 

limitations 

hazard 

hazard 

Severe 

Slight 

Slight 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 

Acceptable 

Least 

desirable 

desirable 

Shortleaf  pine 

Hickories 

E.  redcedar 

|  Loblolly  pine 

Chinkapin  oak 

American  beech 

,  Black  walnut 

Black  oak 

Winged  elm 

;  White  oak 

S.  red  oak 

Hackberry 

N.  red  oak 

Scarlet  oak 

Sassafras 

Yellow-poplar 

Elms 

E.  redbud 

Black  cherry 

Sugar  maple 

Kentucky  coffeetree 

White  ash 

Honeylocust 

Persimmon 
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Occurs  on  LTA-F 

Description  of  Landtype  21: 

North  Slopes  and  Narrow  Ridges 

Geographic  Setting— Deep,  clayey  soils  on  north- 
facing  linear  and  concave  midslopes  and  lower 
slopes  in  Subregion  2.  Slope  ranges  from  2  to  35 
percent.  This  landtype  usually  occurs  below 
landtype  20.  When  Landtype  21  occurs  in  asso- 
ciation with  low  narrow  ridges,  all  land  up  to  the 
ridge  crest  is  included.  Landtypes  18  and  19  occur 
below  this  landtype.  Soils  developed  in  old  valley 
fill  and  clayey  residuum  from  phosphatic  lime- 
stone. The  top  2  feet  of  Braxton  soils  may  contain 
as  much  as  30  percent  chert  fragments,  and  the 
surface  layer  of  Mimosa  soils  may  contain  as 
much  as  15  percent  chert  fragments. 

Dominant  Soils— Braxton  and  Mimosa.  Lime- 
stone outcrops  are  associated  with  Mimosa  soils. 

Bedrock— Phosphatic  limestone. 

Depth  to  Bedrock— 40  to  more  than  80  inches. 

Texture— silt  loam,  silty  clay  loam,  and  cherty  silt 
loam. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderate  to  moderately  high. 

Vegetation— White  oak,  northern  red  oak,  black 
oak,  hickories,  sugar  maple,  scarlet  oak,  southern 
red  oak,  elms,  white  ash,  and  eastern  redcedar; 
occasional  hackberry,  American  beech,  chinka- 
pin oak,  honeylocust,  Kentucky  coffeetree,  yel- 
low-poplar, black  cherry,  black  walnut,  and  lob- 
lolly pine.  Winged  elm,  persimmon,  eastern 
redbud,  and  sassafras  are  common  in  the  unders- 
tory. 
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ible  25.— Forest  management  interpretations  for  Landtype  21:  North  Slopes  and  Narrow  Ridges.  Foot- 
notes appear  on  page  118. 


PRODUCTIVITY 


Species 


Site  index 


Natural 
stands1 


Average  annual  growth 
Cubic  feet  per  acre 


Old-field 
plantations2 


Natural 
stands3 


Old-field 
plantations4 


Loblolly  pine 

80 

E.  redcedar 

50 

Upland  oaks 

70 

123 
52 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment                      Erosion 
limitations                     hazard 

Windthrow 
hazard 

Severe 

Slight  to 
moderate 

Slight  to                      Slight  to 
moderate                     moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Black  walnut 
White  oak 
N.  red  oak 
Yellow-poplar 
Black  cherry 
White  ash 


Hickories 
Chinkapin  oak 
Black  oak 
S.  red  oak 
Scarlet  oak 
Elms 
Sugar  maple 


E.  redcedar 
American  beech 
Winged  elm 
Hackberry 
Sassafras 
E.  redbud 

Kentucky  coffeetree 
Honeylocust 
Persimmon 


61 


Occurs  on  LTA-F 

Description  of  Landtype  22: 

South  Slopes  and  Narrow  Ridges 

Geographic  Setting— Deep,  clayey  soils  on  south- 
facing  linear  and  concave  midslopes  and  lower 
slopes  in  Subregion  2.  Slope  ranges  from  2  to  35 
percent.  This  landtype  usually  occurs  below 
Landtype  20.  When  Landtype  22  occurs  in  asso- 
ciation with  low,  narrow  ridges,  all  land  up  to  the 
ridge  crest  is  included.  Landtypes  18  and  19  occur 
below  this  landtype.  South-facing  slopes  tend  to 
be  steeper  and  have  shallower  soils  with  higher 
rock  contents  than  north-facing  slopes.  Soils  de- 
veloped in  old  valley  fill  and  clayey  residuum 
from  phosphatic  limestone.  As  much  as  30  per- 
cent of  the  top  2  feet  of  Braxton  soils,  and  as 
much  as  15  percent  of  the  surface  layer  of  Mi- 
mosa soils  may  be  chert  fragments. 

Dominant  Soils— Braxton  and  Mimosa.  Lime- 
stone outcrops  are  associated  with  Mimosa  soils. 

Bedrock— Phosphatic  limestone. 

Depth  to  Bedrock— 40  to  more  than  80  inches. 

Texture— Silt  loam,  silty  clay  loam,  and  cherty  silt 
loam. 

Soil  drainage— Well  drained. 

Relative  Soil  Water  Supply— Medium  to  low. 

Soil  Fertility— Moderate  to  moderately  high. 

Vegetation— White  oak,  post  oak,  hickories,  chin- 
kapin oak,  scarlet  oak,  and  eastern  redcedar;  oc- 
casional honeylocust,  chestnut  oak,  sugar  maple, 
hackberry,  American  beech,  Kentucky  coffee- 
tree,  and  loblolly  pine.  Winged  elm,  persimmon, 
eastern  redbud,  and  sassafras  are  common  in  the 
understory. 
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ble  26.-Forest  management  interpretations  for  Landtype  22:  South  Slopes  and  Narrow  Ridges.  Foot- 
notes appear  on  page  118. 


PRODUCTIVITY 

Species 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Loblolly  pine 
E.  redcedar 
Upland  oaks 

70 
45 
60 

t 

104 
43 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 

Moderate 

Slight  to 
moderate 

Slight  to 
moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

loblolly  pine 
Vhite  oak 
Chestnut  oak 
Jcarlet  oak 

E. redcedar 
Hickories 
Post  oak 
Chinkapin  oak 

American  beech 
Winged  elm 
Sassafras 
E.  redbud 

Kentucky  coffeetree 
Honeylocust 
Sugar  maple 
Persimmon 
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Occurs  on  LTA's— G  and  H 

Description  of  Landtype  23: 

Broad  Undulating  Uplands 

Geographic  Setting— Deep,  mostly  silty  soils  on 
nearly  level  to  sloping  broad  uplands  pitted  with 
sinkholes  and  depressions  in  Subregion  3.  Slope 
ranges  from  1  to  10  percent  but  is  commonly  6 
percent  or  less,  and  aspect  is  not  a  dominant  site 
factor.  Soils  developed  in  1.5  to  4  feet  of  loess  over 
residuum  from  limestone  or  in  old  alluvium.  Vol- 
ume of  chert  is  negligible  in  the  upper  solum  and 
ranges  up  to  15  percent  in  the  lower  solum  below 
the  discontinuity. 

Dominant  Soils— Pembroke,  Crider,  Nicholson, 
and  Cumberland. 

Bedrock— Limestone. 

Depth  to  Bedrock— 4  to  13  feet.  Nicholson  soils 
have  fragipans  at  depths  ranging  from  16  to  30 
inches. 

Texture— Silt  loam.  Silty  clay  loam  and  clay  loam 
in  severely  eroded  areas. 

Soil  Drainage— Well  drained  to  moderately  well 
drained. 

Relative  Soil  Water  Supply— Medium  to  high. 

Soil  Fertility— Moderately  high  to  high. 

Vegetation— Black  oak,  white  oak,  southern  red 
oak,  scarlet  oak,  hickories,  red  maple,  northern 
red  oak,  and  elms;  occasional  yellow-poplar, 
American  beech,  bur  oak,  hackberry,  black  wal- 
nut, black  cherry,  white  ash,  sugar  maple,  eastern 
redcedar,  shortleaf  pine,  Virginia  pine,  and  lob- 
lolly pine.  Eastern  hophornbeam,  persimmon, 
dogwood,  and  sassafras  are  common  in  the  un- 
derstory. 
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ale  21. -Forest  management  interpretations  for  Landtype  23:  Broad  Undulating  Uplands.  Footnotes 
otnotes  appear  on  page  118. 


PRODUCTIVITY 


Species 


Site  index 


Natural 
stands1 


Average  annual  growth 
Cubic  feet  per  acre 


Old-field 
plantations2 


Natural 
stands3 


Old-field 
plantations4 


Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
N.  red  oak 
White  oak 
Yellow-poplar 


80 
80 
80 
85 
70 
95 


123 
148 
158 

52->62 

98 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment                     Erosion 
mortality                    limitations                      hazard 

Windthrow 
hazard 

Severe 

Slight                        Slight  to                      Slight  to 
moderate                     moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
|  desirable 

Acceptable 

Least 
desirable 

hortleaf  pine 
.oblolly  pine 
irginia  pine 
llack  walnut 
/hite  oak 
f.  red  oak 
lack  oak 
.  red  oak 
ellow-poplar 
lack  cherry 
/hite  ash 


Hickories 
Bur  oak 
Scarlet  oak 
Elms 
Sugar  maple 


E.  redcedar 

E.  hophornbeam 

American  beech 

Hackberry 

Sassafras 

Red  maple 

Dogwood 

Persimmon 
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Occurs  on  LTA-G 

Description  of  Landtype  24: 

Broad  Ridges— North  Aspect 

Geographic  Setting— Deep,  silty  and  clayey  soils 
on  sloping  to  moderately  steep  north-facing  por- 
tions of  broad  ridgetops  and  adjoining  convex 
upper  slopes  in  Subregion  3.  Sinkholes  and 
depressions  are  common.  Landtype  extends  from 
the  ridge  crest  down  to  where  the  slope  becomes 
linear  or  nearly  so.  At  this  point  gradient  usually 
increases  noticeably.  Slope  ranges  from  6  to  20 
percent.  Soils  developed  in  residuum  from  cherty 
limestone,  old  alluvium,  or  in  1.5  to  4  feet  of  loess 
over  residuum  from  limestone.  Volume  of  chert  is 
15  percent  or  less  and  concentrated  in  the  lower 
solum,  except  Baxter  soils,  which  may  contain  as 
much  as  35  percent. 

Dominant  Soils— Pembroke,  Baxter,  Crider,  Bew- 
leyville,  and  Cumberland. 

Bedrock— Limestone  and  cherty  limestone. 

Depth  to  Bedrock— 5  to  10  feet. 

Texture— Silt  loam  and  cherty  silt  loam;  if  eroded, 
silty  clay  loam  or  cherty  silty  clay  loam. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderately  high. 

Vegetation— White  oak,  black  oak,  northern  red 
oak,  hickories,  yellow-poplar,  red  maple,  and 
elms;  occasional  southern  red  oak,  scarlet  oak, 
bur  oak,  American  beech,  black  walnut,  sugar 
maple,  white  ash,  black  cherry,  eastern  redcedar, 
shortleaf  pine,  Virginia  pine,  and  loblolly  pine. 
Sassafras,  dogwood,  persimmon,  and  eastern 
hophornbeam  are  common  in  the  understory. 
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ble  28  -Forest  management  interpretations  for  Landtype  24:  Broad  Ridges-North  Aspect.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 

Site  index 

Average  annual  growth 

Cu 

bic  feet  per  acre 

Species 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

Loblolly  pine 

80 

(55) 

123 

133 

Shortleaf  pine 

70 

125 

Virginia  pine 

75 

120 

E.  redcedar 

40 

i 

N.  red  oak 
White  oak 

90  \ 
70  J 

52->62 

Yellow-poplar 

95 

98 

MANAGEMENT  PROBLEMS 

Plant 

Seedling 

Equipment 

Erosion 

Windthrow 

competition 

mortality 

limitations 

hazard 

hazard 

Severe 

Slight 

Slight  to 
moderate 

Slight  to 
moderate 

Slight 

SPECIES  DESIRABILITY 

Most 

Acceptable 

Least 

desirable 

desirable 

Ihortleaf  pine 

Hickories 

E.  redcedar 

Loblolly  pine 

Bur  oak 

E.  hophornbeam 

/irginia  pine 

Black  oak 

American  beech 

Mack  walnut 

S.  red  oak 

Sassafras 

Vhite  oak 

Scarlet  oak 

Red  maple 

N.  red  oak 

Elms 

Dogwood 

fellow-poplar 

Sugar  maple 

Persimmon 

Slack  cherry 

Vhite  ash 
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Occurs  on  LTA-G 

Description  of  Landtype  25: 

Broad  Ridges— South  Aspect 

Geographic  Setting— Deep,  silty  and  clayey  soils 
on  sloping  to  moderately  steep  south-facing  por- 
tions of  broad  ndgetops  and  adjoining  convex 
upper  slopes  in  Subregion  3.  Sinkholes  and 
depressions  are  common.  This  landtype  extends 
from  the  ridge  crest  down  to  where  the  slope 
becomes  linear  or  nearly  so.  At  this  point  gra- 
dient usually  increases  noticeably.  Slope  ranges 
from  6  to  20  percent.  South-facing  portions  of 
ridges  tend  to  be  somewhat  steeper  and  have 
shallower  soils  with  a  higher  chert  content  than 
north-facing  portions.  Soils  developed  in  resid- 
uum from  cherty  limestone,  old  alluvium,  or  in 
1.5  to  4  feet  of  loess  over  residuum  from  lime- 
stone. Volume  of  chert  is  15  percent  or  less  and 
concentrated  in  the  lower  solum,  except  Baxter 
soils,  which  may  contain  as  much  as  35  percent. 

Dominant  Soils— Pembroke,  Baxter,  Crider,  Bew- 
leyville,  and  Cumberland. 

Bedrock— Limestone  and  cherty  limestone 

Depth  to  Bedrock— 5  to  10  feet. 

Texture— Silt  loam  and  cherty  silt  loam;  if  eroded, 
silty  clay  loam  or  cherty  silty  clay  loam. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Medium  to  low. 

Soil  Fertility— Moderate  to  moderately  high. 

Vegetation— Black  oak,  white  oak,  scarlet  oak, 
southern  red  oak,  hickories,  and  eastern  red- 
cedar;  occasional  chestnut  oak,  bur  oak,  yellow- 
poplar,  red  maple,  hackberry,  elms,  white  ash, 
sugar  maple,  black  walnut,  black  cherry,  short- 
leaf  pine,  Virginia  pine,  and  loblolly  pine.  Eastern 
hophornbeam,  persimmon,  dogwood,  and  sassa- 
fras are  common  in  the  understory. 
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ale  29.— Forest  management  interpretations  for  Landtype  25:  Broad  Ridges— South  Aspect.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 


Species 


Site  index 


Average  annual  growth 
Cubic  feet  per  acre 


Natural 
stands1 


Old-field 
plantations2 


Natural 
stands3 


Old-field 
plantations4 


Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
E. redcedar 
N.  red  oak 
White  oak 
Yellow-poplar 


Shortleaf  pine 
^oblolly  pine 
/irginia  pine 
Slack  walnut 
White  oak 
Slack  oak 
3.  red  oak 
fellow-poplar 
Slack  cherry 
Vhite  ash 


70 
(60) 
65 
35 
75 
60 
(80) 


(50) 


104 

102 

70 

43-57 

71 


Hickories 
Bur  oak 
Chestnut  oak 
Scarlet  oak 
Elms 


117 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 

Slight  to 
moderate 

Slight  to 
moderate 

Slight  to 
moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

E.  redcedar 

E.  hophornbeam 

Hackberry 

Sassafras 

Maples 

Dogwood 

Persimmon 
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Occurs  on  LTA-G 

Description  of  Landtype  26: 

Narrow  Limestone  Ridges  and 
Knoblike  Hills 

Geographic  Setting— Shallow  to  moderately 
deep,  clayey  soils  on  gently  sloping  to  steep  crests 
of  knoblike  hills,  long  narrow  ridgetops,  and  ad- 
joining convex  to  linear  short  slopes  in  Subregion 
3.  Short  slopes  extending  down  to  stream  terraces 
(Landtypes  31  and  32)  are  included.  Slope  ranges 
from  6  to  50  percent.  This  landtype  is  common  to 
soil  association  D3  on  the  general  soil  map  of 
Kentucky.  Limestone  outcrops  may  be  extensive 
enough  to  recognize  Landtype  11  (Limestone 
Rockland  and  Shallow  Soils). 

Dominant  Soils— Hagerstown,  Fredonia,  and 
Caneyville. 

Bedrock— Limestone. 

Depth  to  Bedrock— 20  inches  to  5  feet. 

Texture— Silt  loam.  Silty  clay  loam  and  silty  clay 
in  severely  eroded  areas. 

Soil  Draingage— Well  drained. 

Relative  Soil  Water  Supply— Medium  to  low. 

Soil  Fertility— Moderate. 

Vegetation— Southern  red  oak,  post  oak,  hickories, 
hackberry,  and  eastern  redcedar;  occasional 
honeylocust,  chinkapin  oak,  scarlet  oak,  sugar 
maple,  black  oak,  white  oak,  and  northern  red 
oak.  Eastern  redbud,  winged  elm,  sumac,  and 
sassafras  are  common  in  the  understory. 
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ble  30.— Forest  management  interpretations  for  Landtype  26:  Narrow  Limestone  Ridges  and  Knoblike 
Hills.  Footnotes  appear  on  page  118. 

PRODUCTIVITY 


Species 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Natural 
stands1 

Old-field 
plantations2 

Natural                     Old-field 
stands'                    plantations4 

E.  redcedar 
Black  oak 
N.  red  oak 
iScarlet  oak 

45 

80) 
70  > 
70 ) 

52-62 
* 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment                      Erosion 
mortality                    limitations                      hazard 

Windthrow 
hazard 

Slight  to 
moderate 

Moderate                      Moderate                     Moderate 
to  severe                       to  severe 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

jWhite  oak 
N.  red  oak 
Black  oak 
S.  red  oak 


E. redcedar 
Hickories 
Post  oak 
Chinkapin  oak 
Scarlet  oak 
Hackberry 
Sugar  maple 


Winged  elm 
Sassafras 
E.  redbud 
Honeylocust 
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Occurs  on  LTA's-C,  D,  G,  and  H 

Description  of  Landtype  27: 

Upland  Flats,  Depressions,  and 
Sinkholes  with  Good  Drainage 

Geographic  Setting— Deep,  silty  soils  with  good 
drainage  on  level  to  gently  sloping  upland  flats 
and  depressions,  and  in  sinkholes  in  Subregiorts  1 
and  3.  Landtype  28  occurs  in  association  with 
broad  silty  uplands,  broad  undulating  uplands, 
and  broad  ridges  (Landtypes  12,  13,  23,  24,  and 
25).  Slope  is  less  than  6  percent.  Flats  and  depres- 
sions may  approach  20  acres  in  size;  level  bot- 
toms of  sinkholes  are  usually  smaller. 

Dominant  Soils— Sango,  Epley,  Lindside,  and  No- 
lin.  Thermic  Sango  soils  are  associated  with 
Landtype  12  and  13  in  Subregion  1.  The  other 
three  soils  are  mesic  and  associated  with  Land- 
types  23,  24,  and  25  in  Subregion  3. 

Parent  Material— Alluvium  from  limestone  and 
loess,  and  loess  over  residuum  from  cherty  lime- 
stone. 

Depth  to  Bedrock— More  than  4  feet.  Sango  soils 
have  a  fragipan  at  depths  to  25  to  34  inches. 

Texture— Silt  loam;  occasional  silty  clay  loam  and 
loam. 

Soil  Drainage— Moderately  well  drained  to  well 
drained. 

Relative  Soil  Water  Supply— High. 

Soil  Fertility— Moderate  to  moderately  high. 

Vegetation— White  oak,  southern  red  oak,  black 
oak,  hickories,  red  maple,  northern  red  oak,  scar- 
let oak,  sweetgum,  yellow-poplar,  and  elms;  oc- 
casional black  cherry,  black  walnut,  white  ash, 
sugar  maple,  American  sycamore,  American 
beech,  bur  oak,  and  eastern  redcedar.  Dogwood, 
sourwood,  huckleberries,  sassafras,  and  winged 
elm  are  common  in  the  understory. 
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ble  31 .— Forest  management  interpretations  for  Landtype  27:  Upland  Flats,  Depressions,  and  Sinkholes 
with  Good  Drainage.  Footnotes  appear  on  page  118. 

PRODUCTIVITY 


Site  index 

Cubic  feet 

per  acre 

Species 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

N.  red  oak 

85) 

White  oak 

85  > 

52->62 

Scarlet  oak 

70 ) 

Yellow-poplar 

90 

90 

Sweet  gum 

85 

70 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations' 

Erosion 
hazard 

Windthrow 
hazard 

Severe 

Slight                        Slight  to 
moderate 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

31ack  walnut 
N.  red  oak 
p.  red  oak 
White  oak 
/ellow-poplar 
Sweetgum 
Black  cherry 
White  ash 


Hickories 

Bur  oak 

Black  oak 

Scarlet  oak 

Elms 

American  sycamore 


E.  redcedar 

American  beech 

Winged  elm 

Sassafras 

Maples 

Dogwood 

Sourwood 
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Occurs  on  LTA's-C,  D,  G,  and  H 

Description  of  Landtype  28: 

Upland  Flats,  Depressions,  and 
Sinkholes  with  Poor  Drainage 

Geographic  Setting— Deep,  silty  soils  with  poor 
drainage  on  nearly  level  upland  flats  and  depres- 
sions, and  in  sinkholes  in  Subregions  1  and  3. 
Landtype  28  occurs  within  broad  silty  uplands, 
broad  undulating  uplands,  and  broad  ridges 
(Landtypes  12,  13,  23,  24,  and  25).  Slope  is  less 
than  3  percent.  Flats  and  depressions  may  ap- 
proach 20  acres  in  size;  level  bottoms  of  sinkholes 
are  usually  smaller. 

Dominant  Soils— Taft,  Guthrie,  Robertsville, 
Lawrence,  and  Newark.  Thermic  Taft  and  Guth- 
rie soils  are  found  in  association  with  Landtypes 
12  and  13  in  Subregion  1,  while  mesic  Roberts- 
ville, Lawrence,  and  Newark  soils  are  associated 
with  Landtypes  23,  24,  and  25  in  Subregion  3. 

Parent  Material— Alluvium  from  limestone  and 
loess,  and  loess  over  residuum  from  cherty  lime- 
stone. 

Depth  to  Bedrock— More  than  5  feet.  All  soils  but 
Newark  have  fragipans  at  depths  of  20  to  40 
inches. 

Texture— Silt  loam;  occasional  silty  clay  loam  and 
loam. 

Soil  Drainage— Somewhat  poorly  drained  to 
poorly  drained. 

Relative  Soil  Water  Supply— High  to  very  high. 
Often  flooded  for  short  periods  during  winter  and 
spring. 

Soil  Fertility— Moderate  to  moderately  high. 

Vegetation— Willow  oak,  blackgum,  sweetgum,  red 
maple,  yellow-poplar,  and  elms;  occasional  hick- 
ories, American  sycamore,  Shumard  oak,  south- 
ern red  oak,  white  oak,  boxelder,  green  ash,  Cot- 
tonwood, and  hackberry.  Dogwood,  azalea,  alder, 
huckleberries,  euonymus,  and  cane  are  common 
in  the  understory. 
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ible  32.— Forest  management  interpretations  for  Landtype  28:  Upland  Flats,  Depressions,  and  Sinkholes 
with  Poor  Drainage.  Footnotes  appear  on  page  118. 


PRODUCTIVITY 

Species 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

!  Upland  oaks 
i  Bottomland  oaks 
|  Yellow-poplar 
1  Sweetgum 
Cottonwood 

75 
90 
95 
85 
95 

k 

57 

98 
70 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 

hazard 

Severe 

Slight 

Moderate 
to  severe 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Cottonwood 
Shumard  oak 
Willow  oak 
Yellow-poplar 
Sweetgum 
American  sycamore 

Hickories 
White  oak 
S.  red  oak 
Elms 
Green  ash 

Hackberry 
Red  maple 
Boxelder 
Blackgum 
Dogwood 
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Occurs  on  LTA-G 

Description  of  Landtype  29: 

North  Slopes 

Geographic  Setting— Deep,  clayey  soils  on  short, 
steep  north-facing  slopes  between  broad  undu- 
lating uplands  and  ridges  (Landtypes  23  and  24) 
and  terraces  and  bottoms  of  permanent  streams 
(Landtypes  31  and  32)  or  sinkholes  and  depres- 
sions (Landtypes  27  and  28)  in  Subregion  3.  Also 
included  in  this  landtype  are  north-facing  por- 
tions of  funnel-shaped  sinkholes  that  have  little 
or  no  level  bottoms.  Slope  ranges  from  10  to  60 
percent.  Limestone  outcrops  in  places.  Soils  de- 
veloped in  clayey  residuum  from  cherty  lime- 
stone and  old  alluvium.  Volume  of  chert  ranges 
up  to  45  percent. 

Dominant  Soils— Baxter  and  Cumberland. 

Bedrock— Limestone  or  cherty  limestone. 

Depth  to  Bedrock— More  than  5  feet. 

Texture— Cherty  silt  loam  and  silt  loam.  Silty  clay 
loam  and  silty  clay  in  severely  eroded  areas. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Medium  to  high. 

Soil  Fertility— Moderately  high. 

Vegetation— White  oak,  black  oak,  northern  red 
oak,  hickories,  yellow-poplar,  red  maple,  and 
elms;  occasional  southern  red  oak,  scarlet  oak, 
American  beech,  bur  oak,  black  walnut,  black 
cherry,  white  ash,  sugar  maple,  eastern  redcedar, 
shortleaf  pine,  Virginia  pine,  and  loblolly  pine. 
Dogwood,  persimmon,  sassafras,  and  eastern 
hophornbeam  are  common  in  the  understory. 
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fable  33.— Forest  management  interpretations  for  Landtype  29:  North  Slopes.  Footnotes  appear  on 
page  118. 


PRODUCTIVITY 


Species 


Site  index 


Average  annual  growth 
Cubic  feet  per  acre 


Natural 
stands1 


Old-field 
plantations2 


Natural 
stands3 


Old-field 
plantations4 


Loblolly  pine 
Shortleaf  pine 
Virginia  pine 
E.  redcedar 


80 
75 
70 
40 


(65) 


123 

136 

92 


162 


N.  red  oak 
White  oak 
Yellow-poplar 

90                                                                          90 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment                     Erosion 
mortality                    limitations                     hazard 

Windthrow 
hazard 

Moderate 

Slight                       Moderate                    Moderate 
to  severe                       to  severe 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
Loblolly  pine 
Virginia  pine 
Black  walnut 
White  oak 
N.  red  oak 
Yellow-poplar 
Black  cherry 
White  ash 


Hickories 
Bur  oak 
Black  oak 
S.  red  oak 
Elms 
Sugar  maple 


E. redcedar 

E.  hophornbeam 

American  beech 

Sassafras 

Red  maple 

Dogwood 

Persimmon 
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Occurs  on  LTA-G 

Description  of  Landtype  30: 

South  Slopes 

Geographic  Setting— Deep,  clayey  soils  on  short, 
steep  south-facing  slopes  between  broad  undu- 
lating uplands  and  ridges  (Landtypes  23  and  25) 
and  terraces  and  bottoms  of  permanent  streams 
(Landtypes  31  and  32)  or  sinkholes  and  depres- 
sions (Landtypes  27  and  28)  in  Subregion  3.  Also 
included  in  this  landtype  are  south-facing  por- 
tions of  funnel-shaped  sinkholes  that  have  little 
or  no  level  bottoms.  Slope  ranges  from  10  to  60 
percent.  South-facing  slopes  tend  to  be  some- 
what steeper  and  have  shallower  soils  with  a 
higher  chert  content  than  north-facing  slopes. 
Limestone  outcrops  in  places.  Soils  developed  in 
clayey  residuum  from  cherty  limestone  and  old 
alluvium.  Volume  of  chert  ranges  up  to  45  per- 
cent. 

Dominant  Soils— Baxter  and  Cumberland. 

Bedrock— Limestone  or  cherty  limestone. 

Depth  to  Bedrock— More  than  5  feet. 

Texture— Cherty  silt  loam  and  silt  loam.  Silty  clay 
loam  and  silty  clay  in  severely  eroded  areas. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderate. 

Vegetation— Black  oak,  white  oak,  scarlet  oak, 
northern  red  oak,  southern  red  oak,  hickories, 
and  eastern  redcedar;  occasional  chestnut  oak, 
post  oak,  bur  oak,  yellow-poplar,  red  maple,  elms, 
American  beech,  white  ash,  black  walnut,  black 
cherry,  sugar  maple,  shortleaf  pine,  Virginia  pine, 
and  loblolly  pine.  Dogwood,  persimmon,  eastern 
hophornbeam,  and  sassafras  are  common  in  the 
understory. 
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)le  34.— Forest  management  interpretations  for  Landtype  30:  South  Slopes.  Footnotes  appear  on 
page  118. 


PRODUCTIVITY 

Species 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

^oblolly  pine 

70 

104 

Short  leaf  pine 

65 

113 

/irginia  pine 

65 

« 

70 

E.  redcedar 

35 

•i.  red  oak 

80 

62 

MANAGEMENT  PROBLEMS 

Plant 

Seedling 

Equipment 

Erosion 

Windthrow 

competition 

mortality 

limitations 

hazard 

hazard 

Slight  to 

Slight  to 

Moderate 

Moderate 

Slight 

moderate 

moderate 

to  severe 

to  severe 

SPECIES  DESIRABILITY 

Most 

Acceptable 

Least 

desirable 

desirable 

Ihortleaf  pine 

Hickories 

E. redcedar 

■..oblolly  pine 

Bur  oak 

E.  hophornbeam 

Virginia  pine 

Post  oak 

American  beech                        , 

Mack  walnut 

Chestnut  oak 

Sassafras 

Vhite  oak 

Black  oak 

Maples 

i.  red  oak 

Scarlet  oak 

Dogwood 

1.  red  oak 

Elms 

Persimmon 

rellow-poplar 

Hack  cherry 

i 

Vhite  ash 

i 
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Occurs  on  LTA's— G  and  H 

Description  of  Landtype  31: 

Terraces  and  Streambottoms  with 
Good  Drainage 

Geographic  Setting— Deep,  silty  and  loamy  soils 
with  good  drainage  on  level  to  strongly  sloping 
terraces  and  streambottoms  in  Subregion  3. 
Slope  ranges  from  0  to  12  percent.  This  landtype 
occurs  below  Landtypes  29  and  30  along  inter- 
mittent and  permanent  drainages.  When  Land- 
types  31  and  32  are  adjacent,  Landtype  31  occu- 
pies a  higher  position  on  the  landscape. 

Dominant  Soils— Elk,  Statler,  Otwell,  and  Ashton 
on  terraces,  and  Nolin,  Staser,  Huntington,  Lind- 
side,  and  Hamblen  on  streambottoms. 

Parent  Material— Mixed  alluvium  of  varying  age 
washed  from  soils  formed  in  loess  and  residuum 
weathered  mostly  from  limestone,  and  in  places, 
from  sandstone,  shale,  and  siltstone. 

Depth  to  Bedrock— 4  to  10  feet.  Otwell  soils  have 
a  fragipan  at  a  depth  of  about  26  inches. 

Texture— Silt  loam  and  loam;  occasional  silty  clay 
loam. 

Soil  Drainage— Well  drained  to  moderately  well 
drained. 

Relative  Soil  Water  Supply— High. 

Soil  Fertility— Moderate  to  moderately  high. 

Vegetation— White  oak,  sweetgum,  yellow-poplar, 
red  maple,  northern  red  oak,  hickories,  southern 
red  oak,  American  sycamore,  and  blackgum;  oc- 
casional black  oak,  Shumard  oak,  cottonwood, 
elms,  American  beech,  hackberry,  black  cherry, 
black  walnut,  white  ash,  sugar  maple,  eastern 
redcedar,  and  shortleaf  pine.  Dogwood,  cane,  per- 
simmon, euonymus,  pawpaw,  eastern  redbud, 
and  sassafras  are  common  in  the  understory. 
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le  35.— Forest  management  interpretations  for  Landtype  31:  Terraces  and  Streambottoms  with  Good 
Drainage.  Footnotes  appear  on  page  1 18. 


PRODUCTIVITY 


Species 


Site  index 


Natural 
stands1 


Average  annual  growth 
Cubic  feet  per  acre 


Old-field 
plantations2 


Natural 
stands3 


Old-field 
plantations4 


hortleaf  pine 

75 

.  red  oak 

85 

rhite  oak 

75 

?llow-poplar 

95 

lumard  oak 

95 

Iveetgum 

80 

136 

57->62 

98 

60 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 

hazard 

Windthrow 
hazard 

Severe 

Slight 

Slight  to 
moderate 

Slight  to 
moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

[>ttonwood 
i  ack  walnut 

Short  leaf  pine 
Hickories 

E.  redcedar 
American  beech 

mite  oak 
I  red  oak 
iiumard  oak 
Vllow-poplar 
iveetgum 

^nerican  sycamore 
Eack  cherry 
Vhite  ash 


Black  oak 
S.  red  oak 
Elms 
Hackberry 


Sassafras 

E.  redbud 

Maples 

Blackgum 

Dogwood 

Persimmon 
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Occurs  on  LTA's— G  and  H 

Description  of  Landtype  32: 

Terraces  and  Streambottoms  with 
Poor  Drainage 

Geographic  Setting— Deep,  mostly  silty  soils  with 
poor  drainage  on  level  to  gently  sloping  terfaces 
and  streambottoms  in  Subregion  3.  Slope  ranges 
from  0  to  3  percent.  This  landtype  occurs  below 
Landtypes  29  and  30  along  permanent  and  inter- 
mittent drainages.  When  Landtypes  31  and  32 
are  adjacent,  Landtype  32  occupies  a  lower  posi- 
tion on  the  landscape. 

Dominant  Soils— Lawrence  on  terraces  and  New- 
ark, Melvin,  and  Dunning  on  streambottoms. 

Parent  Material— Mixed  alluvium  of  varying  age 
washed  from  soils  formed  in  loess  and  residuum 
weathered  mostly  from  limestone,  and  in  places, 
from  sandstone,  shale,  and  siltstone. 

Depth  to  Bedrock— More  than  5  feet.  Lawrence 
soils  have  a  fragipan  at  a  depth  of  about  25 
inches. 

Texture— Silt  loam,  silty  clay  loam,  and  loam. 

Soil  Drainage— Somewhat  poorly  drained  to  very 
poorly  drained. 

Relative  Soil  Water  Supply— High  to  very  high. 

Soil  Fertility— Moderate  to  moderately  high. 

Vegetation— Willow  oak,  sweetgum,  pin  oak,  red 
maple,  blackgum,  green  ash,  and  American  syca- 
more; occasional  American  beech,  silver  maple, 
elms,  yellow-poplar,  Cottonwood,  hickories,  and 
black  willow.  Dogwood,  cane,  huckleberries,  and 
alder  are  common  in  the  understory. 
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rable  36.— Forest  management  interpretations  for  Landtype  32:  Terraces  and  Streambottoms  with  Poor 
Drainage.  Footnotes  appear  on  page  118. 

PRODUCTIVITY 


Site  index 

Cubic  feet 

per  acre 

Species 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

Pin  oak 

95 

Yellow-poplar 

90 

90 

Sweetgum 

90 

81 

Cottonwood 

95 

Bottomland  oaks 

(90) 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Severe 

Slight                        Moderate 
to  severe                      to  severe 

Slight 

Slight 
to  moderate 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Cottonwood 
Pin  oak 
Willow  oak 
Sweetgum 
Green  ash 


Hickories 
Elms 

Yellow-poplar 
American  sycamore 


Black  willow 
American  beech 
Maples 
Blackgum 
Dogwood 
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Occurs  on  LTA-H 

Description  of  Landtype  33: 

Broad  Ridges— North  Aspect 

Geographic  Setting— Deep,  silty  soils  on  sloping 
to  moderately  steep  north-facing  portions  of 
broad  ridgetops  and  adjoining  convex  upper 
slopes  in  Subregion  3.  Surface  drainage  network 
is  more  developed  than  in  Landtype  24.  Many 
small  streams  drain  the  area,  but  sinks  and 
depressions  are  common.  Landtype  extends  from 
the  ridge  crest  down  to  where  the  slope  becomes 
linear  or  nearly  so.  At  this  point  gradient  usually 
increases  noticeably.  Slope  ranges  from  6  to  20 
percent.  Soils  developed  in  a  thin  cap  of  loess  over 
residuum  from  limestone,  interbedded  limestone, 
calcareous  shale,  and  siltstone,  or  old  alluvium. 
Near  the  heads  of  streams  there  is  no  level  bot- 
tom, and  this  landtype  extends  down  to  the 
stream  channel.  Further  downstream  Landtype 
35  (north  slopes)  normally  occurs  between  this 
landtype  and  terraces  and  streambottoms 
(Landtypes  31  and  32).  Volume  of  chert  is  15 
percent  or  less  and  concentrated  in  the  lower 
solum  below  the  discontinuity. 

Dominant  Soils— Crider  and  Nicholson. 

Bedrock— Limestone  interbedded  with  calcareous 
shale  and  siltstone  in  places. 

Depth  to  Bedrock— 4  to  13  feet.  Nicholson  soils 
have  fragipans  at  depths  of  16  to  30  inches. 

Texture— Silt  loam. 

Soil  Drainage— Well  drained  to  moderately  well 
drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderately  high. 

Vegetation— White  oak,  northern  red  oak,  black 
oak,  southern  red  oak,  hickories,  red  maple,  and 
yellow-poplar;  occasional  scarlet  oak,  bur  oak, 
American  beech,  elms,  hackberry,  white  ash, 
black  cherry,  black  walnut,  sugar  maple,  eastern 
redcedar,  shortleaf  pine,  and  Virginia  pine.  Sas- 
safras, dogwood,  persimmon,  huckleberries, 
winged  elm,  sourwood,  and  eastern  hophorn- 
beam  are  common  in  the  understory. 


84 


able  37.— Forest  management  interpretations  for  Landtype  33:  Broad  Ridges— North  Aspect.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 


Species 


Site  index 


Natural 
stands1 


Old-field 
plantations2 


Average  annual  growth 
Cubic  feet  per  acre 

Natural 
stands3 

Old-field 
plantations4 

62 

98 

148 

158 

N.  red  oak 
Yellow-poplar 
Shortleaf  pine 
Virginia  pine 


80 
95 
80 

80 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                    Equipment                     Erosion 
mortality                    limitations                      hazard 

Windthrow 
hazard 

Moderate 

Slight                        Slight  to                      Slight  to 
moderate                      moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Black  walnut 
White  oak 
N.  red  oak 
Yellow-poplar 
Black  cherry 
White  ash 


Shortleaf  pine 
Virginia  pine 
Hickories 
Bur  oak 
Black  oak 
S.  red  oak 
Scarlet  oak 
Elms 
Hackberry 


E.  redcedar 

E.  hophornbeam 

American  beech 

Winged  elm 

Sassafras 

Maples 

Dogwood 

Sourwood 

Persimmon 
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Occurs  on  LTA-H 

Description  of  Landtype  33: 

Broad  Ridges— North  Aspect 

Geographic  Setting— Deep,  silty  soils  on  sloping 
to  moderately  steep  north-facing  portions  of 
broad  ridgetops  and  adjoining  convex  upper 
slopes  in  Subregion  3.  Surface  drainage  network 
is  more  developed  than  in  Landtype  24.  Many 
small  streams  drain  the  area,  but  sinks  and 
depressions  are  common.  Landtype  extends  from 
the  ridge  crest  down  to  where  the  slope  becomes 
linear  or  nearly  so.  At  this  point  gradient  usually 
increases  noticeably.  Slope  ranges  from  6  to  20 
percent.  Soils  developed  in  a  thin  cap  of  loess  over 
residuum  from  limestone,  interbedded  limestone, 
calcareous  shale,  and  siltstone,  or  old  alluvium. 
Near  the  heads  of  streams  there  is  no  level  bot- 
tom, and  this  landtype  extends  down  to  the 
stream  channel.  Further  downstream  Landtype 
35  (north  slopes)  normally  occurs  between  this 
landtype  and  terraces  and  streambottoms 
(Landtypes  31  and  32).  Volume  of  chert  is  15 
percent  or  less  and  concentrated  in  the  lower 
solum  below  the  discontinuity. 

Dominant  Soils— Crider  and  Nicholson. 

Bedrock— Limestone  interbedded  with  calcareous 
shale  and  siltstone  in  places. 

Depth  to  Bedrock— 4  to  13  feet.  Nicholson  soils 
have  fragipans  at  depths  of  16  to  30  inches. 

Texture— Silt  loam. 

Soil  Drainage— Well  drained  to  moderately  well 
drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderately  high. 

Vegetation— White  oak,  northern  red  oak,  black 
oak,  southern  red  oak,  hickories,  red  maple,  and 
yellow-poplar;  occasional  scarlet  oak,  bur  oak, 
American  beech,  elms,  hackberry,  white  ash, 
black  cherry,  black  walnut,  sugar  maple,  eastern 
redcedar,  shortleaf  pine,  and  Virginia  pine.  Sas- 
safras, dogwood,  persimmon,  huckleberries, 
winged  elm,  sourwood,  and  eastern  hophorn- 
beam  are  common  in  the  understory. 
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ble  37.— Forest  management  interpretations  for  Landtype  33:  Broad  Ridges— North  Aspect.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 


Species 


Site  index 


Natural 
stands1 


Old-field 
plantations2 


Average 

annual  growth 

Cubic  feet  per  acre 

Natural 

Old-field 

stands3 

plantations4 

62 

98 

148 

158 

N.  red  oak 
Yellow-poplar 
Shortleaf  pine 
Virginia  pine 


80 
95 
80 
80 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                    Equipment                     Erosion 
mortality                    limitations                      hazard 

Windthrow 
hazard 

Moderate 

Slight                        Slight  to                      Slight  to 
moderate                      moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Black  walnut 
White  oak 
N.  red  oak 
fellow-poplar 
Jlack  cherry 
White  ash 


Shortleaf  pine 
Virginia  pine 
Hickories 
Bur  oak 
Black  oak 
S.  red  oak 
Scarlet  oak 
Elms 
Hackberry 


E.  redcedar 

E.  hophornbeam 

American  beech 

Winged  elm 

Sassafras 

Maples 

Dogwood 

Sourwood 

Persimmon 
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Occurs  on  LTA-H 

Description  of  Landtype  35: 

North  Slopes 

Geographic  Setting— Deep,  mostly  silty  and 
loamy  soils  on  sloping  to  steep  north-facing  lin- 
ear and  concave  midslopes  and  lower  slopes  in 
Subregion  3.  Slope  ranges  from  6  to  30  percent. 
This  landtype  usually  occurs  below  Landtypes 
23  and  33.  When  this  landtype  occurs  in  associa- 
tion with  low  narrow  ridges  (250  feet  wide  or  less), 
all  land  up  to  the  crest  is  included.  Landtypes  31 
and  32  (Terraces  and  streambottoms)  occur  be- 
low this  landtype.  Limestone  outcrops  occur  on 
steeper  parts  of  this  landtype  and  may  be  exten- 
sive enough  to  recognize  Landtype  11  (Limestone 
rockland  and  shallow  soils).  Chert  fragments 
range  from  0  to  15  percent  below  the  lithologic 
discontinuity  in  Crider  soils.  Small  amounts  of 
chert  are  common  in  the  upper  solum  and  in- 
crease with  depth  in  Vertress  soils.  Geodes  and 
pebbles  and  cobblestones  of  sandstone  or  quartz- 
ite  occur  in  Waynesboro  soils. 

Dominant  Soils— Crider,  Vertress,  and  Waynes- 
boro. 

Bedrock— Limestone  interbedded  with  shale  and 
siltstone. 

Depth  to  Bedrock— 5  to  8  feet  or  more. 

Texture— Silt  loam,  silty  clay  loam,  loam,  and  fine 
sandy  loam. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderate. 

Vegetation— White  oak,  black  oak,  northern  red 
oak,  southern  red  oak,  hickories,  yellow-poplar, 
red  maple,  and  blackgum;  occasional  scarlet  oak, 
chinkapin  oak,  bur  oak,  black  walnut,  white  ash, 
black  cherry,  sugar  maple,  elms,  American  beech, 
eastern  redcedar,  shortleaf  pine,  and  Virginia 
pine.  Dogwood,  sassafras,  eastern  hophornbeam, 
persimmon,  and  eastern  redbud  are  common  in 
the  understory. 
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Table  39.— Forest  management  interpretations  for  Landtype  35:  North  Slopes.  Footnotes  appear  on 
page  118. 


PRODUCTIVITY 


Species 


Site  index 


Natural 
stands1 


Old-field 
plantations2 


Average  annual  growth 
Cubic  feet  per  acre 


Natural 
stands3 


Old-field 
plantations4 


Yellow-poplar 

90 

Black  oak 

80 

N.  red  oak 

85 

White  oak 

80 

Chinkapin  oak 

80 

Shortleaf  pine 

75 

Virginia  pine 

75 

90 
>62 

136 

120 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment                      Erosion 
mortality                    limitations                       hazard 

Windthrow 
hazard 

Moderate 

Slight  to                      Slight  to                      Slight  to 
moderate                      moderate                      moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
Virginia  pine 
Black  walnut 
White  oak 
N.  red  oak 
Black  oak 
Yellow-poplar 
Black  cherry 
White  ash 


Hickories 
Bur  oak 
Chinkapin  oak 
S.  red  oak 
Scarlet  oak 
Elms 


E.  redcedar 

E.  hophornbeam 

American  beech 

Sassafras 

E.  redbud 

Maples 

Blackgum 

Dogwood 

Persimmon 
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Occurs  on  LTA-H 

Description  of  Landtype  36: 

South  Slopes 

Geographic  Setting— Deep,  mostly  silty  and 
loamy  soils  on  sloping  to  steep  south-facing  lin- 
ear and  concave  midslopes  and  lower  slopes  in 
Subregion  3.  Slope  ranges  from  6  to  30  percent. 
This  landtype  usually  occurs  below  Landtypes 
23  and  34.  When  this  landtype  occurs  in  associa- 
tion with  low  narrow  ridges  (250  feet  wide  or  less), 
all  land  up  to  the  crest  is  included.  Landtypes  31 
and  32  (Terraces  and  streambottoms)  occur  be- 
low this  landtype.  Limestone  outcrops  occur  on 
steeper  parts  of  this  landtype  and  may  be  exten- 
sive enough  to  recognize  Landtype  11  (Limestone 
rockland  and  shallow  soils).  South-facing  slopes 
tend  to  be  steeper  and  have  shallower  soils  with 
higher  rock  contents  than  north-facing  slopes. 
Chert  fragments  range  from  0  to  15  percent  below 
the  lithologic  discontinuity  in  Crider  soils.  Small 
amounts  of  chert  are  common  in  the  upper  solum 
and  increase  with  depth  in  Vertress  soils.  Geodes 
and  pebbles  and  cobblestones  of  sandstone  and 
quartzite  occur  in  Waynesboro  soils. 

Dominant  Soils— Crider,  Vertress,  and  Waynes- 
boro. 

Bedrock— Limestone  interbedded  with  shale  and 
siltstone. 

Depth  to  Bedrock— 5  to  8  feet  or  more. 

Texture— Silt  loam,  silty  clay  loam,  loam,  and  fine 
sandy  loam. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Low. 

Soil  Fertility— Moderately  low. 

Vegetation— White  oak,  scarlet  oak,  chestnut  oak, 
post  oak,  hickories,  southern  red  oak,  and  eastern 
redcedar;  occasional  bur  oak,  chinkapin  oak, 
black  oak,  yellow-poplar,  red  maple,  sugar  maple, 
American  beech,  Virginia  pine,  and  shortleaf 
pine.  Dogwood,  persimmon,  sourwood,  sassafras, 
euonymus,  winged  elm,  and  eastern  redbud  are 
common  in  the  understory. 
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fable  40.— Forest  management  interpretations  for  Landtype  36:  South  Slopes.  Footnotes  appear  on 
page  118. 


PRODUCTIVITY 


Species 


Site  index 


Natural 
stands1 


Average  annual  growth 
Cubic  feet  per  acre 


Old-field 
plantations2 


Natural 
stands3 


Old-field 
plantations4 


Yellow-poplar 
Black  oak 
N.  red  oak 
White  oak 
Chinkapin  oak 
Shortleaf  pine 
Virginia  pine 


75 
70 
70 
70 
70 
65 
65 


} 


63 

52 

113 

70 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment                      Erosion 
mortality                    limitations                       hazard 

Windthrow 
hazard 

Slight 

Moderate                     Slight  to                      Slight  to 
moderate                     moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
Virginia  pine 
White  oak 
Chinkapin  oak 
N.  red  oak 
Black  oak 
S.  red  oak 


Hickories 
Bur  oak 
Post  oak 
Chestnut  oak 
Scarlet  oak 
Yellow-poplar 


E.  redcedar 

American  beech 

Winged  elm 

Sassafras 

E.  redbud 

Maples 

Dogwood 

Sourwood 

Persimmon 
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Occurs  on  LTA— I 

Description  of  Landtype  37: 

Broad  Undulating  Uplands 

Geographic  Setting— Deep,  loamy  soils  on  nearly 
level  to  sloping  broad  uplands  in  Subregion  3. 
Slope  ranges  from  0  to  10  percent  but  is  c.om- 
monly  6  percent  or  less,  and  aspect  is  not  a  dom- 
inant site  factor.  Soils  formed  in  18  to  30  inches 
of  loess  over  unconsolidated  material  of  sand- 
stone and  shale  origin.  Volume  of  coarse  frag- 
ments is  5  percent  in  the  lower  solum. 

Dominant  Soils— Sonora  and  Gatton. 

Bedrock— Limestone. 

Depth  to  Bedrock— More  than  5  feet.  Gatton  soils 
have  a  fragipan  at  depths  of  20  to  30  inches. 

Texture— Silt  loam. 

Soil  Drainage— Moderately  well  drained  to  well 
drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderate. 

Vegetation— White  oak,  southern  red  oak,  black 
oak,  northern  red  oak,  hickories,  red  maple,  and 
elms;  occasional  scarlet  oak,  bur  oak,  chinkapin 
oak,  yellow-poplar,  black  walnut,  American 
beech,  blackgum,  sugar  maple,  eastern  redcedar, 
and  shortleaf  pine.  Dogwood,  persimmon,  sassa- 
fras, and  sourwood  are  common  in  the  unders- 
tory. 
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'able  41—  Forest  management  interpretations  for  Landtype  37:  Broad  Undulating  Uplands.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 

Species 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Natural 
stands1 

Old-field 

plantations2 

Natural 
stands3 

Old-field 
plantations4 

Yellow-poplar 
Upland  oaks 
Shortleaf  pine 

85 
70 
70 

80 

52 

125 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight  to 
moderate 

Slight 

Slight 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Shortleaf  pine 
1  Black  walnut 

White  oak 

N.  red  oak 
!  Black  oak 

S.  red  oak 

Yellow-poplar 

Hickories 
Bur  oak 
Chinkapin  oak 
Scarlet  oak 
Elms 

E. redcedar 

American  beech 

Sassafras 

Maples 

Blackgum 

Dogwood 

Sourwood 

Persimmon 
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Occurs  on  LTA— I 

Description  of  Landtype  38: 

Broad  Ridges— North  Aspect 

Geographic  Setting— Deep,  loamy  soils  on  gently 
sloping  to  strongly  sloping  north-facing  portions 
of  broad  ridges  and  adjoining  convex  upper  slopes 
in  Subregion  3.  This  landtype  extends  from  the 
ridge  crest  down  to  where  the  slope  becomes  lin- 
ear or  nearly  so.  At  this  point  gradient  usually 
increases  noticeably.  Slope  ranges  from  6  to  12 
percent.  Soils  formed  in  18  to  30  inches  of  loess 
over  unconsolidated  material  of  sandstone  and 
shale  origin.  Volume  of  coarse  fragments  is  5  per- 
cent or  less  in  the  lower  solum. 

Dominant  Soils— Sonora  and  Gatton. 

Bedrock— Limestone. 

Depth  to  Bedrock— More  than  5  feet.  Gatton  soils 
have  a  fragipan  at  depths  of  20  to  30  inches. 

Texture— Silt  loam. 

Soil  Drainage— Moderately  well  drained  to  well 
drained. 

Relative  Soil  Water  Supply— Medium  to  high. 

Soil  Fertility— Moderate  to  moderately  high. 

Vegetation— White  oak,  black  oak,  northern  red 
oak,  southern  red  oak,  hickories,  red  maple,  yel- 
low-poplar, elms,  and  red  maple;  occasional  scar- 
let oak,  American  beech,  sugar  maple,  black  wal- 
nut, black  cherry,  white  ash,  bur  oak,  and 
shortleaf  pine.  Dogwood,  sassafras,  persimmon, 
sourwood,  and  eastern  hophornbeam  are  com- 
mon in  the  understory. 
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Table  42.— Forest  management  interpretations  for  Landtype  38:  Broad  Ridges— North  Aspect.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 


Black  walnut 
White  oak 
N.  red  oak 
Black  oak 
S.  red  oak 
Yellow-poplar 
Black  cherry 
White  ash 


Site  index 


Average  annual  growth 
Cubic  feet  per  acre 


Species 

Natural                      Old-field 
stands1                    plantations2 

Natural 
stands3 

Old-field 
plantations4 

Yellow-poplar 
Upland  oaks 

90 

75 

90 

57 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 

Slight                        Slight  to 
moderate 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Short  leaf  pine 
Hickories 
Bur  oak 
Scarlet  oak 
Elms 


American  beech 

Sassafras 

Maples 

Dogwood 

Sourwood 

Persimmon 
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Occurs  on  LTA— I 

Description  of  Landtype  39: 

Broad  Ridges— South  Aspect 

Geographic  Setting— Deep,  loamy  soils  on  gently 
sloping  to  strongly  sloping  south-facing  portions 
of  broad  ridges  and  adjoining  convex  upper  slopes 
in  Subregion  3.  This  landtype  extends  from  the 
ridge  crest  down  to  where  the  slope  becomes  lin- 
ear or  nearly  so.  At  this  point  gradient  usually 
increases  noticeably.  Slope  ranges  from  6  to  12 
percent.  Soils  formed  in  18  to  30  inches  of  loess 
over  unconsolidated  material  of  sandstone  and 
shale  origin.  South-facing  portions  of  ridges  tend 
to  be  somewhat  steeper  and  have  shallower  soils 
with  a  higher  coarse  fragment  content  than 
north-facing  portions.  Volume  of  coarse  frag- 
ments is  10  percent  or  less  in  the  lower  solum. 

Dominant  Soils— Sonora  and  Gatton. 

Bedrock— Limestone. 

Depth  to  Bedrock— More  than  5  feet.  Gatton  soils 
have  a  fragipan  at  depths  of  20  to  30  inches. 

Texture— Silt  loam. 

Soil  Drainage— Moderately  well  drained  to  well 
drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderate. 

Vegetation— Scarlet  oak,  white  oak,  chestnut  oak, 
post  oak,  hickories,  blackgum,  and  eastern  red- 
cedar;  occasional  bur  oak,  black  oak,  southern 
red  oak,  northern  red  oak,  elms,  yellow-poplar, 
sugar  maple,  American  beech,  black  walnut, 
black  cherry,  and  shortleaf  pine.  Dogwood,  per- 
simmon, sassafras,  sourwood,  huckleberries,  and 
winged  elm  are  common  in  the  understory. 
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Table  43.— Forest  management  interpretations  for  Landtype  39:  Broad  Ridges— South  Aspect.  Footnotes 
appear  on  page  118. 


PRODUCTIVITY 


Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural                      Old-field 
stands3                   plantations4 

Yellow-poplar 
Upland  oaks 
Short  leaf  pine 

80 
65 
65 

71 

48 

113 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Moderate                      Slight  to 
moderate 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Short  leaf  pine 
Black  walnut 
White  oak 
N.  red  oak 
Black  oak 
S.  red  oak 
Yellow-poplar 
Black  cherry 


Hickories 
Bur  oak 
Post  oak 
Chestnut  oak 
Scarlet  oak 
Elms 


E. redcedar 
American  beech 
Winged  elm 
Sassafras 
Sugar  maple 
Blackgum 
Dogwood 
Sourwood 
Persimmon 
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Occurs  on  LTA— I 

Description  of  Landtype  40: 

North  Slopes 

Geographic  Setting— Deep,  loamy  and  clayey 
soils  on  gently  sloping  to  steep  north-facing  lin- 
ear and  concave  midslopes  and  lower  slopes  in 
Subregion  3.  Slope  ranges  from  6  to  30  percent 
but  is  usually  less  than  20  percent.  This  landtype 
usually  occurs  below  Landtypes  37  and  38.  When 
this  landtype  occurs  in  association  with  low  nar- 
row ridges  (250  feet  wide  or  less),  all  land  up  to 
the  crest  is  included.  Landtypes  31  and  32  (ter- 
races and  streambottoms)  occur  below  this  land- 
type.  Geodes,  quartzitic  pebbles,  and  sandstone 
fragments  occur  throughout  the  soil  mass,  but 
typically  increase  with  depth.  As  much  as  20  per- 
cent of  the  lower  solum  may  be  coarse  fragments. 

Dominant  Soils— Riney  and  Waynesboro. 

Bedrock— Soft  sandstone  and  shale. 

Depth  to  Bedrock— 4  to  10  feet  or  more. 

Texture— Loam  and  fine  sandy  loam. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Medium. 

Soil  Fertility— Moderate  to  moderately  low. 

Vegetation— White  oak,  black  oak,  southern  red 
oak,  northern  red  oak,  yellow-poplar,  hickories, 
red  maple,  and  blackgum;  occasional  bur  oak, 
scarlet  oak,  elms,  black  walnut,  black  cherry, 
white  ash,  sugar  maple,  American  beech,  eastern 
redcedar,  and  shortleaf  pine.  Sassafras,  dogwood, 
persimmon,  and  eastern  hophornbeam  are  com- 
mon in  the  understory. 
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rable  44.— Forest  management  interpretations  for  Landtype  40:  North  Slopes.  Footnotes  appear  on  page 
118. 


PRODUCTIVITY 

Species 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

N .  red  oak 
White  oak 
Yellow-poplar 
Shortleaf  pine 

80  \ 
75  j 
90 
80 

t 

57-62 

90 
148 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling 
mortality 

Equipment 
limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 

Slight 

Slight  to 
moderate 

Slight  to 
moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Black  walnut 

White  oak 
1  N.  red  oak 

Black  oak 
}  S.  red  oak 

Yellow-poplar 

Black  cherry 

White  ash 

Shortleaf  pine 
Hickories 
Bur  oak 
Scarlet  oak 
Elms 

E.  redcedar 

E.  hophornbeam 

American  beech 

Sassafras 

Maples 

Blackgum 

Dogwood 

Persimmon 
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LTA-I 

Description  of  Landtype  41: 

South  Slopes 

Geographic  Setting— Deep,  loamy  and  clayey 
soils  on  gently  sloping  to  steep  south-facing  lin- 
ear and  concave  midslopes  and  lower  slopes  in 
Subregion  3.  Slope  ranges  from  6  to  30  percent 
but  is  usually  less  than  20  percent.  This  landtype 
usually  occurs  below  Landtypes  37  and  39.  When 
this  landtype  occurs  in  association  with  low  nar- 
row ridges  (250  feet  wide  or  less),  all  land  up  to 
the  ridge  crest  is  included.  Landtypes  31  and  32 
(terraces  and  streambottoms)  occur  below  this 
landtype.  South-facing  slopes  tend  to  be  steeper 
and  have  shallower  soils  with  higher  rock  con- 
tents than  north-facing  slopes.  Geodes,  quartz- 
itic  pebbles,  and  sandstone  fragments  occur 
throughout  the  soil  mass,  but  typically  increase 
with  depth.  As  much  as  20  percent  of  the  lower 
solum  may  be  coarse  fragments. 

Dominant  Soils— Riney  and  Waynesboro. 

Bedrock— Soft  sandstone  and  shale. 

Depth  to  Bedrock— 4  to  10  feet  or  more. 

Texture— Loam  and  fine  sandy  loam. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Low  to  medium. 

Soil  Fertility— Moderately  low. 

Vegetation— White  oak,  scarlet  oak,  chestnut  oak, 
post  oak,  hickories,  southern  red  oak,  and  eastern 
redcedar;  occasional  chinkapin  oak,  bur  oak, 
American  beech,  black  oak,  yellow-poplar,  sugar 
maple,  red  maple,  Virginia  pine,  and  shortleaf 
pine.  Dogwood,  persimmon,  sassafras,  winged 
elm,  and  eastern  redbud  are  common  in  the  un- 
derstory. 
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Table  45.— Forest  management  interpretations  for  Landtype  41:  South  Slopes.  Footnotes  appear  on  page 
118. 


PRODUCTIVITY 


Species 


Site  index 


Average  annual  growth 
Cubic  feet  per  acre 


Natural 
stands1 


Old-field 
plantations2 


Natural 
stands' 


Old-field 
plantations4 


N.  red  oak 
White  oak 
Yellow-poplar 
Shortleaf  pine 
Virginia  pine 


Shortleaf  pine 
Virginia  pine 
White  oak 
Black  oak 
S.  red  oak 
Yellow-poplar 


70 
(65) 
70 
70 
75 


I 


48-52 

54 
125 
120 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                     limitations 

Erosion 
hazard 

Windthrow 
hazard 

Slight 

Moderate                      Slight  to 
moderate 

Slight  to 
moderate 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Hickories 
Bur  oak 
Post  oak 
Chestnut  oak 
Chinkapin  oak 
Scarlet  oak 


E.  redcedar 
American  beech 
Winged  elm 
Sassafras 
E.  redbud 
Maples 
Dogwood 
Sourwood 
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Occurs  on  LTA— J 

Description  of  Landtype  42: 

Terraces  and  Floodplains  with  Good 
Drainage 

Geographic  Setting— Deep,  mostly  silty  and 
loamy  alluvial  soils  with  good  drainage  on  level 
to  rolling  terraces  and  floodplains  along  the  Ten- 
nessee River  in  Subregion  4.  Slope  ranges  from  0 
to  12  percent.  On  floodplains  this  landtype  occurs 
in  stringers  paralleling  the  river  in  association 
with  Landtype  43,  which  has  poor  soil  drainage. 

Dominant  Soils— Wolftever,  Sequatchie,  Captina, 
and  Statler  on  terraces,  and  Egam,  Huntington, 
Bruno,  Lindside,  Hamblen,  and  Staser  on  flood- 
plains. 

Parent  Material— Mixed  alluvium  of  variable  age 
washed  from  soils  formed  in  residuum  weathered 
mostly  from  limestone,  sandstone,  and  shale, 
and,  in  places,  loess. 

Depth  to  Bedrock— 5  to  15  feet. 

Texture— Mostly  silt  loam,  silty  clay  loam,  and 
loam  except  Bruno,  which  is  sandy  loam  and 
loamy  sand. 

Soil  Drainage— Well  drained  to  moderately  well 
drained.  Bruno  soils  are  excessively  drained. 

Relative  Soil  Water  Supply— High.  Low  areas 
flood  occasionally. 

Soil  Fertility— Moderately  high  to  high. 

Vegetation— White  oak,  southern  red  oak,  sweet- 
gum,  yellow-poplar,  blackgum,  elms,  red  maple, 
and  hickories;  occasional  willow  oak,  water  oak, 
river  birch,  American  sycamore,  American  beech, 
silver  maple,  black  willow,  pin  oak,  hackberry, 
boxelder,  black  oak,  Shumard  oak,  cherrybark 
oak,  cottonwood,  northern  red  oak,  black  cherry, 
white  ash,  black  walnut,  white  basswood,  loblolly 
pine,  honeylocust,  persimmon,  sassafras,  and 
water  tupelo.  Dogwood,  cane,  hawthorn,  sumac, 
American  hornbeam,  eastern  hophornbeam, 
American  holly,  huckleberries,  grape,  pawpaw, 
euonymus,  bladdernut,  and  red  mulberry  are 
common  in  the  understory. 
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Table  46.— Forest  management  interpretations  for  Landtype  42:  Terraces  and  Floodplains  with  Good 
Drainage.  Footnotes  appear  on  page  118. 


PRODUCTIVITY 


Site  index 


Species 


Natural 
stands1 


Old-field 

plantations2 


Average  annual  growth 

Cubic  feet 

per  acre 

Natural 

Old-field 

stands' 

plantations4 

107 

93 

62 

144 

Yellow-poplar  100 

Sweetgum  95 

Upland  oaks  80 

Loblolly  pine  90 

Bottomland  oaks  95 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                      Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Severe 

Slight  to                      Slight  to 
moderate                      moderate 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Cottonwood 
Black  walnut 
White  oak 
N.  red  oak 
Shumard  oak 
Cherrybark  oak 
Willow  oak 
Water  oak 
Yellow-poplar 
Sweetgum 
American  sycamore 
Black  cherry 
White  ash 


Hickories 

Black  oak 

S.  red  oak 

Pin  oak 

Elms 

White  basswood 


Black  willow 

River  birch 

American  hornbeam 

E.  hophornbeam 

American  beech 

Hackberry 

Red  mulberry 

Sassafras 

Honey  locust 

Maples 

Water  tupelo 

Blackgum 

Dogwood 

Persimmon 
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Occurs  on  LTA— J 

Description  of  Landtype  43: 

Terraces  and  Floodplains  with 
Poor  Drainage 

Geographic  Setting— Deep,  silty  and  clayey  allu- 
vial soils  with  poor  drainage  on  level  to  gently 
sloping  terraces  and  floodplains  along  the  Ten- 
nessee River  in  Subregion  4.  Slope  ranges  from  0 
to  3  percent.  On  the  floodplains  this  landtype 
occurs  as  stringers  paralleling  the  river  in  associ- 
ation with  Landtype  42,  which  has  good  soil 
drainage.  Landtype  43  is  often  wooded,  but  Land- 
type  42  is  mostly  in  agriculture. 

Dominant  Soils— Beason  and  Robertsville  on  ter- 
races, and  Melvin,  Dunning,  and  Newark  on 
floodplains. 

Parent  Material— Mixed  alluvium  of  variable  age 
washed  from  soils  formed  in  residuum  weathered 
mostly  from  limestone,  sandstone,  and  shale, 
and,  in  places,  loess. 

Depth  to  Bedrock— 5  to  15  feet. 

Texture— Silt  loam  and  silty  clay  loam;  occasion- 
ally loam. 

Soil  Drainage— Somewhat  poorly  drained  and 
poorly  drained. 

Relative  Soil  Water  Supply— Very  high.  Soils 
have  a  seasonal  high  water  table  and  are  subject 
to  occasional  flooding. 

Soil  Fertility— Moderately  high. 

Vegetation— Willow  oak,  water  oak,  sweetgum, 
green  ash,  elms,  blackgum,  and  water  tupelo;  oc- 
casional silver  maple,  black  willow,  boxelder,  yel- 
low-poplar, American  sycamore,  loblolly  pine, 
hickories,  cottonwood,  hackberry,  and  cypress. 
Dogwood,  cane,  grasses,  and  sedges  are  common 
in  the  understory. 
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Table  47  -Forest  management  interpretations  for  Landtype  43:  Terraces  and  Floodplains  with  Poor 
Drainage.  Footnotes  appear  on  page  118. 

PRODUCTIVITY 


Site  index 

Aver 

age  annual  growth 

Cu 

bic  feet 

per  acre 

Species 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands-' 

plantations4 

Yellow-poplar 

90 

98 

Sweetgum 

90 

81 

Bottomland  oa 

ks 

(95) 

Loblolly  pine 

80 

123 

Green  ash 

90 

i 

Cottonwood 

100 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                     limitations 

Erosion 
hazard 

Windthrow 
hazard 

Severe 

Moderate                     Moderate 
to  severe                       to  severe 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Cottonwood 
Willow  oak 
Water  oak 
Yellow-poplar 
Sweetgum 
Green  ash 


Loblolly  pine 

Baldcypress 

Hickories 

Elms 

Hackberry 

American  sycamore 

Water  tupelo 


Black  willow 
Maples 
Blackgum 
Dogwood 
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Occurs  on  LTA-K 

Description  of  Landtype  44: 

Footslopes,  Terraces,  and 
Floodplains  with  Good  Drainage 

Geographic  Setting— Deep,  loamy  alluvial  soils 
with  good  drainage  on  level  to  steep  footslopes, 
terraces,  and  floodplains  along  the  Buffalo  River 
in  Subregion  4.  Slope  ranges  from  0  to  45  percent 
but  seldom  exceeds  25  percent. 

Dominant  Soils— Minvale,  Etowah,  and  Hum- 
phreys on  footslopes  and  terraces,  and  Ennis, 
Lobelville,  and  Cannon  on  floodplains.  All  of 
these  soils  except  Etowah  have  high  chert  con- 
tents throughout. 

Parent  Material— Mixed  alluvium  of  variable  age 
washed  from  soils  formed  in  residuum  weathered 
from  cherty  limestone  and  loess. 

Depth  to  Bedrock— 5  to  15  feet. 

Texture— Cherty  silt  loam,  cherty  loam,  silt  loam, 
loam,  and  gravelly  silt  loam. 

Soil  Drainage— Well  drained. 

Relative  Soil  Water  Supply— Moderately  high  to 
high.  Occasionally  flooded  in  winter  and  early 
spring. 

Soil  Fertility— Moderate. 

Vegetation— White  oak,  southern  red  oak,  sweet- 
gum,  yellow-poplar,  blackgum,  elms,  red  maple, 
and  hickories;  occasional  willow  oak,  water  oak, 
river  birch,  American  sycamore,  American  beech, 
silver  maple,  black  willow,  pin  oak,  hackberry, 
boxelder,  Shumard  oak,  cottonwood,  black  oak, 
northern  red  oak,  black  cherry,  white  ash,  black 
walnut,  loblolly  pine,  shortleaf  pine,  honeylo- 
cust,  persimmon,  and  sassafras.  Dogwood,  cane, 
hawthorn,  sumac,  American  hornbeam,  eastern 
hophornbeam,  American  holly,  huckleberries, 
grape,  pawpaw,  euonymus,  bladdernut,  and  red 
mulberry  are  common  in  the  understory. 
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Table  48.— Forest  management  interpretations  for  Landtype  44:  Footslopes,  Terraces,  and  Floodplains 
with  Good  Drainage.  Footnotes  appear  on  page  118. 

PRODUCTIVITY 


Site  index 

Cu 

hie  feet 

per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands' 

Old-field 
plantations4 

Loblolly  pine 
Shortleaf  pine 
Upland  oaks 
Yellow-poplar 

90 

70 
75 
95 

(55) 

144 

125 

57 
98 

133 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                     limitations 

Erosion 
hazard 

Windthrow 
hazard 

Severe 

Slight                        Slight  to 
moderate 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Loblolly  pine 
Cottonwood 
Black  walnut 
White  oak 
N.  red  oak 
Shumard  oak 
Willow  oak 
Water  oak 
Yellow-poplar 
Sweet  gum 
American  sycamore 
Black  cherry 
White  ash 


Shortleaf  pine 

Hickories 

Black  oak 

S.  red  oak 

Pin  oak 

Elms 

White  basswood 


Black  willow 
River  birch 
American  hornbeam 
E.  hophornbeam 
American  beech 
Hack  berry 
Red  mulberry 
Sassafras 
Honeylocust 
American  holly 
Maples 
Blackgum 
Dogwood 
Persimmon 
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Occurs  on  LTA-K 

Description  of  Landtype  45: 

Terraces  and  Floodplains  with  Poor 
Drainage 

Geographic  Setting— Deep,  loamy  alluvial  soils 
with  poor  drainage  on  nearly  level  terraces' and 
floodplains  along  the  Buffalo  River  in  Subregion 
4.  Slope  is  less  than  2  percent. 

Dominant  Soils— Lee. 

Parent  Material— Young  mixed  alluvium  washed 
from  soils  formed  in  residuum  weathered  from 
cherty  limestone  and  loess. 

Depth  to  Bedrock— 5  to  12  feet. 

Texture— Cherty  silt  loam  and  cherty  loam. 

Soil  Drainage— Poorly  drained. 

Relative  Soil  Water  Supply— Very  high.  Low 
areas  flood  frequently  in  winter  and  spring. 

Soil  Fertility— Moderate. 

Vegetation— Willow  oak,  water  oak,  sweetgum, 
green  ash,  elms,  and  blackgum;  occasional  silver 
maple,  black  willow,  boxelder,  yellow-poplar, 
American  sycamore,  hickories,  cottonwood, 
hackberry,  and  loblolly  pine.  Dogwood,  cane, 
grasses,  and  sedges  are  common  in  the  under- 
story. 
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Table  49—  Forest  management  interpretations  for  Landtype  45:  Terraces  and  Floodplains  with  Poor 

Drainage. 

Footnotes  appear  on  page  118. 

PRODUCTIVITY 

Species 

Site  index 

Average  annual  growth 
Cubic  feet  per  acre 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

Loblolly  pine 

90 

144 

Bottomland  oaks 

90 

Yellow-poplar 

90 

90 

Sweetgum 

90 

81 

Cottonwood 

(100) 

MANAGEMENT  PROBLEMS 

Plant 

Seedling 

Equipment 

Erosion 

Windthrow 

competition 

mortality 

limitations 

hazard 

hazard 

Severe 

Severe 

Severe 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 

Acceptable 

Least 

desirable 

desirable 

Cottonwood 

Loblolly  pine 

Black  willow 

Willow  oak 

Hickories 

Maples 

Water  oak 

Elms 

Blackgum 

Yellow-poplar 

Hackberry 

Dogwood 

Sweetgum 

American  sycamore 

Green  ash 
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Occurs  on  LTA— L 

Description  of  Landtype  46: 

Terraces  and  Floodplains  with 
Good  Drainage 

Geographic  Setting— Deep,  silty  and  clayey  allu- 
vial soils  with  good  drainage  on  level  to  strongly 
sloping  terraces  and  floodplains  along  the  Cum- 
berland, Harpeth,  Duck,  and  Elk  Rivers  in 
Subregion  4.  Slope  ranges  from  0  to  15  percent. 
On  floodplains  this  landtype  occurs  in  associa- 
tion with  Landtype  47,  which  has  poor  drainage. 

Dominant  Soils— Pickwick,  Armour,  Nesbitt, 
Wolftever,  and  Capshaw  on  terraces,  and  Arring- 
ton,  Staser,  Lynnville,  Egam,  and  Lindell  on 
floodplains. 

Parent  Material— On  terraces,  soils  formed  in  2  to 
4  feet  of  silty  alluvium  or  loess  underlain  by  old 
alluvium  or  residuum  of  phosphatic  limestone. 
Parent  material  on  floodplains  consists  of  recent 
alluvium  washed  from  soils  formed  in  residuum 
weathered  mostly  from  phosphatic  limestone, 
cherty  limestone,  and  loess,  and  possibly  from 
shale  and  sandstone. 

Depth  to  Bedrock— 4  to  more  than  10  feet. 

Texture— Silt  loam  and  silty  clay  loam;  occasion- 
ally loam  and  fine  sandy  loam.  Armour,  Cap- 
shaw, and  Lindell  soils  contain  some  chert  and 
gravel. 

Soil  Drainage— Well  drained  to  moderately  well 
drained. 

Relative  Soil  Water  Supply— High.  Low  areas 
flood  occasionally. 

Soil  Fertility— High  to  very  high. 

Vegetation— White  oak,  southern  red  oak,  sweet- 
gum,  yellow-poplar,  blackgum,  elms,  red  maple, 
and  hickories;  occasional  willow  oak,  water  oak, 
river  birch,  American  sycamore,  American  beech, 
silver  maple,  black  willow,  pin  oak,  hackberry, 
boxelder.  Shumard  oak,  cherrybark  oak,  cotton- 
wood,  black  oak,  northern  red  oak,  black  cherry, 
white  ash,  yellow  buckeye,  black  walnut,  white 
basswood,  bur  oak,  honeylocust,  persimmon,  and 
sassafras.  Dogwood,  cane,  hawthorn,  sumac, 
American  hornbeam,  eastern  hophornbeam, 
American  holly,  huckleberries,  grape,  pawpaw, 
euonymus,  bladdernut,  and  red  mulberry  are 
common  in  the  understory. 
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Table  50.— Forest  management  interpretations  for  Landtype  46:  Terraces  and  Floodplains  with  Good 
Drainage.  Footnotes  appear  on  page  118. 

PRODUCTIVITY 


Site  ir 

idex 

Cu 

bic  feet 

per  acre 

Species 

Natural 
stands1 

Old-field 
plantations2 

Natural 
stands3 

Old-field 
plantations4 

Yellow-poplar 
Upland  oaks 
Sweetgum 
Bottomland  o£ 

iks 

95 

75 
85 
85 

98 

57 
70 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 
to  severe 

Slight                          Slight  to 
moderate 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Cottonwood 
Black  walnut 
White  oak 
N.  red  oak 
Shumard  oak 
Cherrybark  oak 
Willow  oak 
Water  oak 
Yellow-poplar 
Sweetgum 
American  sycamore 
Black  cherry 
White  ash 


Hickories 
Bur  oak 
Black  oak 
S.  red  oak 
Pin  oak 
Elms 

Yellow  buckeye 
White  basswood 


Black  willow 

River  birch 

American  hornbeam 

E.  hophornbeam 

American  beech 

Hackberry 

Red  mulberry 

Sassafras 

Honeylocust 

American  holly 

Maples 

Blackgum 

Dogwood 

Persimmon 
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Occurs  on  LTA— L 

Description  of  Landtype  47: 

Terraces  and  Floodplains  with 
Poor  Drainage 

Geographic  Setting— Deep,  mostly  clayey  allu- 
vial soils  with  poor  drainage  on  level  to  gently 
sloping  terraces  and  floodplains  along  the  Cum- 
berland, Harpeth,  Duck,  and  Elk  Rivers  in 
Subregion  4.  Slope  ranges  from  0  to  5  percent.  On 
floodplains  this  landtype  occurs  in  association 
with  Landtype  46,  which  has  good  drainage. 

Dominant  Soils— Beason  and  Forestdale  on  ter- 
races and  Mhoon  and  Lanton  on  floodplains. 

Parent  Material— On  terraces,  soils  formed  in 
mixed  fine-textured  alluvium  washed  from  wa- 
tersheds underlain  by  sedimentary  rocks.  Parent 
material  on  floodplains  consists  of  recent  allu- 
vium washed  from  soils  formed  in  residuum 
weathered  from  phosphatic  limestone,  cherty 
limestone,  and  loess. 

Depth  to  Bedrock— More  than  5  feet. 

Texture— Silt  loam  and  silty  clay  loam. 

Soil  Drainage— Somewhat  poorly  drained  and 
poorly  drained. 

Relative  Soil  Water  Supply— High  to  very  high. 
A  fluctuating  water  table  is  near  the  surface  part 
of  the  time,  and  the  landtype  is  subject  to  occa- 
sional flooding. 

Soil  Fertility— High  to  very  high. 

Vegetation— Willow  oak,  water  oak,  sweetgum, 
green  ash,  elms,  and  blackgum;  occasional  silver 
maple,  black  willow,  boxelder,  yellow-poplar, 
American  sycamore,  pin  oak,  elms,  hickories,  cot- 
tonwood,  and  hackberry.  Dogwood,  cane,  grasses, 
and  sedges  are  common  in  the  understory. 
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Table  51—  Forest  management  interpretations  for  Landtype  47:  Terraces  and  Floodplains  with  Poor 
Drainage.  Footnotes  appear  on  page  118. 

PRODUCTIVITY 


Site  index 

Average  annual  growth 

Cubic  feet 

per  acre 

Species 

Natural 

Old-field 

Natural 

Old-field 

stands1 

plantations2 

stands3 

plantations4 

Yellow-poplar 

90 

90 

Bottomland  oaks 

90 

Sweetgum 

90 

81 

Green  ash 

85 

* 

Cottonwood 

95 

MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                    Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 
to  severe 

Moderate                     Moderate 
to  severe                       to  severe 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Cottonwood 
Pin  oak 
Willow  oak 
Water  oak 
Yellow-poplar 
Sweetgum 
Green  ash 


Hickories 
Elms 

Hackberry 
American  sycamore 


Black  willow 
Maples 
Blackgum 
Dogwood 
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Occurs  on  LTA— M 

Description  of  Landtype  48: 

Footslopes,  Terraces,  and 
Floodplains  with  Good  Drainage 

Geographic  Setting— Deep,  silty  and  loamy  allu- 
vial soils  with  good  drainage  on  level  to  strongly 
sloping  footslopes,  terraces  and  floodplains  along 
the  Green  and  Barren  Rivers  in  Subregion  4. 
Slope  ranges  from  0  to  20  percent  but  seldom 
exceeds  12  percent.  On  the  floodplains,  this  land- 
type  occurs  in  stringers  paralleling  the  rivers  in 
association  with  Landtype  49,  which  has  poor  soil 
drainage. 

Dominant  Soils— Ashton,  Elk,  and  Otwell  on  the 
footslopes  and  terraces,  and  Huntington,  Nolin, 
and  Lindside  on  the  floodplains.  Otwell  soils  have 
a  fragipan  at  a  depth  of  about  24  inches. 

Parent  Material— Soils  on  terraces  developed  in 
old  mixed  alluvium  and  those  on  floodplains  de- 
veloped in  more  recent  mixed  alluvium  washed 
from  areas  dominated  by  sedimentary  rocks. 

Depth  to  Bedrock-5  to  20  feet. 

Texture— Silt  loam  and  loam;  occasional  silty  clay 
loam. 

Soil  Drainage— Well  drained  to  moderately  well 
drained. 

Relative  Soil  Water  Supply— High. 

Soil  Fertility— Moderately  high  to  high. 

Vegetation— White  oak,  southern  red  oak,  sweet- 
gum,  yellow-poplar,  blackgum,  elms,  red  maple, 
and  hickories;  occasional  willow  oak,  river  birch, 
American  sycamore,  American  beech,  silver  ma- 
ple, black  willow,  pin  oak,  hackberry,  boxelder, 
Shumard  oak,  cottonwood,  black  oak,  northern 
red  oak,  black  cherry,  white  ash,  black  walnut, 
bur  oak,  honey  locust,  persimmon,  and  sassafras. 
Dogwood,  cane,  hawthorn,  sumac,  American 
hornbeam,  eastern  hophornbeam,  huckleberries, 
grape,  pawpaw,  euonymus,  bladdernut,  and  red 
mulberry  are  common  in  the  understory. 
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Table  52.-Forest  management  interpretations  for  Landtype  48:  Footslopes,  Terraces,  and  Floodplains 
with  Good  Drainage.  Footnotes  appear  on  page  118. 

PRODUCTIVITY 


Species 


Site  index 


Average  annual  growth 
Cubic  feet  per  acre 


Natural 
stands1 


Old-field 
plantations2 


Natural 
stands' 


Old-field 
plantations4 


N.  red  oak 
White  oak 
Yellow-poplar 
Sweet  gum 
Pin  oak 
Shumard  oak 


85 
85 
95 
90 
100 
95 


>62 

98 
81 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Moderate 
to  severe 

Slight                        Slight  to 
moderate 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Cottonwood 
Black  walnut 
White  oak 
N.  red  oak 
Shumard  oak 
Pin  oak 
Willow  oak 
Yellow-poplar 
Sweetgum 
American  sycamore 
Black  cherry 
White  ash 


Hickories 
Bur  oak 
Black  oak 
S.  red  oak 
Elms 


Black  willow 

River  birch 

American  hornbeam 

E.  hophornbeam 

American  beech 

Hackberry 

Red  mulberry 

Sassafras 

Honeylocust 

Maples 

Blackgum 

Dogwood 

Persimmon 
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Occurs  on  LTA— M 

Description  of  Landtype  49: 

Terraces  and  Floodplains  with 
Poor  Drainage 

Geographic  Setting— Deep,  silty  and  clayey  allu- 
vial soils  with  poor  drainage  on  level  to  gently 
sloping  terraces  and  floodplains  along  the  Green 
and  Barren  Rivers  in  Subregion  4.  Slope  ranges 
from  0  to  3  percent.  On  floodplains  this  landtype 
occurs  in  stringers  paralleling  the  river  in  associ- 
ation with  Landtype  48,  which  has  good  soil 
drainage. 

Dominant  Soils— Lawrence  and  Robertsville  on 
the  terraces  and  Newark,  Melvin,  Karnack,  and 
Dunning  on  the  floodplains.  Lawrence  and  Rob- 
ertsville have  fragipans  at  depths  of  16  to  34 
inches. 

Parent  Material— Soils  on  terraces  developed  in 
old  mixed  alluvium  or  residuum  from  limestone 
and  loess.  Soils  on  floodplains  developed  in  more 
recent  mixed  alluvium  washed  from  areas  domi- 
nated by  sedimentary  rocks.  Karnack  and  Dun- 
ning soils  developed  in  clayey  alluvium  deposited 
by  slack  water. 

Depth  to  Bedrock— 5  to  16  feet  or  more. 

Texture— Silt  loam,  silty  clay  loam;  occasionally 
loam  or  fine  sandy  loam. 

Soil  Drainage— Somewhat  poorly  drained  to  very 
poorly  drained. 

Relative  Soil  Water  Supply— High.  Floodplains 
have  seasonal  high  water  tables  and  are  subject 
to  occasional  flooding. 

Soil  Fertility— Moderately  high  to  high. 

Vegetation— Willow  oak,  sweetgum,  green  ash, 
elms,  and  blackgum;  occasional  silver  maple, 
black  willow,  boxelder,  yellow-poplar,  American 
sycamore,  pin  oak,  hickories,  cottonwood,  and 
hackberry.  Dogwood,  cane,  grasses,  and  sedges 
are  common  in  the  understory. 
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Table  53.— Forest  management  interpretations  for  Landtype  49:  Terraces  and  Floodplains  with  Poor 
Drainage.  Footnotes  appear  on  page  118. 


PRODUCTIVITY 


Site  index 

Species 

Natural 

Old-field 

stands1 

plantations2 

Yellow-poplar 

90 

Bottomland  oaks 

95 

Pin  oak 

100 

Cottonwood 

95 

Sweetgum 

90 

Average  annual  growth 
Cubic  feet  per  acre 


Natural 
stands' 


Old-field 
plantations4 


Cottonwood 
Pin  oak 
Willow  oak 
Yellow-poplar 
Sweetgum 
Green  ash 


90 


81 


MANAGEMENT  PROBLEMS 

Plant 
competition 

Seedling                     Equipment 
mortality                    limitations 

Erosion 
hazard 

Windthrow 
hazard 

Severe 

Moderate                     Moderate 
to  severe                       to  severe 

Slight 

Slight 

SPECIES  DESIRABILITY 

Most 
desirable 

Acceptable 

Least 
desirable 

Hickories 
Elms 

Hackberry 
American  sycamore 


Black  willow 
Maples 
Blackgum 
Dogwood 
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FOOTNOTES  FOR  TABLES  5-53 

'Site  indices  for  each  naturally  occurring  species,  except  those  enclosed  in  parentheses,  are  the  means  o 
values  from  soil  survey  interpretations  issued  by  the  SCS  for  the  dominant  soils  in  each  landtype  (BecL 
1962;  Broadfoot  1960,  1963;  Broadfoot  and  Krinard  1959;  Nelson  and  others  1961;  Schnur  1937;  and  U.S 
Forest  Service  1929).  Estimated  site  indices  are  enclosed  in  parentheses.  Base  age  is  50  years  for  al 
naturally  grown  species  except  cottonwood,  for  which  it  is  30  years. 

2  Adapted  from  Smalley  and  Bower's  (1971)  site  curves,  base  age  25  years. 

3  Annual  growth  of  natural  stands  calculated  from  published  yields  at  50  years:  Yellow-poplar  —  (Mc 
Carthy  1933,  Table  17),  inside-bark  volume  to  a  3.0-inch  i.b.  top,  trees  >4.5"  d.b.h.;  Sweetgum  —  (Winter: 
and  Osborne  1935,  Table  13),  inside-bark  volume  to  a  4.0-inch  i.b.  top,  trees  >4.5"  d.b.h.;  Upland  oaks  - 
(Schnur  1937,  Table  2,  Column  12),  outside-bark  volume  to  a  4.0-inch  o.b.  top,  trees  >4.5"  d.b.h.;  Virginii 
pine  —  (Nelson  and  others  1961,  Table  4),  outside-bark  volume  to  a  4.0-inch  o.b.  top,  trees  >3.5"  d.b.h. 
100  percent  density;  Loblolly  and  shortleaf  pines  —  (U.S.  Forest  Service  1929,  Tables  44  and  108),  tota  | 
volume  outside  bark,  trees  >3.5"  d.b.h. 

*  Annual  growth  of  loblolly  and  shortleaf  pine  plantations  calculated  from  yields  at  40  years  assuming 
1,000  seedlings  planted  per  acre  (Smalley  and  Bailey  1974a,  1974b),  outside-bark  volume  to  a  4.0-inch  o.b 
top,  trees  >4.5"  d.b.h. 


LITERATURE  CITED 


Arms,  F.  S.,  M.  J.  Mitchell,  F.  C.  Watts,  and  B.  L. 
Wilson. 

1979.  Soil  survey  of  Hardin  and  Larue  Counties, 
Kentucky.  U.S.  Dep.  Agric,  Soil  Conserv. 
Serv.,  158  p.  +  maps. 
Bailey,  H.  H.,  and  J.  H.  Winsor. 

1964.  Kentucky  soils.  Univ.  Kentucky  Agric.  Exp. 
Stn.  Misc.  308,  174  p. 
Beck,  D.  E. 

1962.  Yellow-poplar  site  index  curves.  U.S.  Dep. 
Agric.  For.  Serv.  Res.  Note  180,  2p.  Southeast. 
For.  Exp.  Stn.  Asheville,  N.C. 

Beeman,  L.  E. 

1978.  Computer-assisted  resource  management. 
In  Integrated  Inventories  of  Renewable  Natu- 
ral Resources;  Proceedings  of  the  Workshop,  p. 
375-381.  U.S.  Dep.  Agric.  For.  Serv.  Gen.  Tech. 
Rep.  RM-55.  Rocky  Mtn.  For.  and  Range  Exp. 
Stn.  Fort  Collins,  Colo. 

Broadfoot,  W.  M. 

1960.  Field  guide  for  evaluating  cottonwood  sites. 
U.S.  Dep.  Agric.  For.  Serv.  Occas.  Pap.  178,  6p. 
South.  For.  Exp.  Stn.  New  Orleans,  La. 

Broadfoot,  W.  M. 

1963.  Guide  for  evaluating  water  oak  sites.  U.S. 
Dep.  Agric.  For.  Serv.  Res.  Pap.  S0-1, 8  p.  South 
For.  Exp.  Stn.  New  Orleans,  La. 

Broadfoot,  W.  M.,  and  R.  M.  Krinard. 

1959.  Guide  for  evaluating  sweetgum  sites.  U.S. 


Dep.  Agric.  For.  Serv.  Occas.  Pap.  176,  6pi 
South  For.  Exp.  Stn.  New  Orleans,  La. 
Edwards,  M.  J.,  J.  A.  Elder,  and  M.  E.  Springer. 

1974.  The  soils  of  the  Nashville  Basin.  Univ.  c 
Tennessee  Agric.  Exp.  Stn.  Bull.  499, 125  p. 

Elder,  J.  A.,  and  M.  E.  Springer. 

1978.  General  soil  map,  Tennessee.  U.S.  Dei. 
Agric,  Soil  Conserv.  Serv.  in  cooperation  wit  I 
Tenn.  Agric.  Exp.  Stn. 
Fenneman,  N.  M. 

1938.  Physiography  of  eastern  United  States.  71  ti 
p.  McGraw-Hill  Book  Co.,  New  York. 
Fernald,  M.  L. 

1950.  Gray's  manual  of  botany.  Ed.  8. 1632  p.  An 
Book  Co.,  New  York. 
Francis,  J.  K.,  and  N.  S.  Loftus. 

1977.  Chemical  and  physical  properties  of  Cun  - 
berland  Plateau  and  Highland  Rim  forest  soil  1 
U.S.  Dep.  Agric.  For.  Serv.  Res.  Pap.  SO-13; 
44  p.  South.  For.  Exp.  Stn.  New  Orleans,  La. 
Hajek,  B.  F,  F.  L.  Gilbert,  and  C.  A.  Steers. 

1975.  Soil  associations  of  Alabama.  Agron.  an  I 
Soils  Departmental  Series  No.  24, 30  p.  +  ma]  j 
Agric.  Exp.  Stn.,  Auburn  Univ.  and  U.S.  Dei 
Agric.  Soil  Conserv.  Serv. 

Hedlund,  A.,  and  J.  W.  Earles. 

1971.  Forest  statistics  for  Tennessee  countie 
U.S.  Dep.  Agric.  For.  Serv.  Resour.  Bull.  SO-3: 
58  p.  South.  For.  Exp.  Stn.  New  Orleans,  L 


118 


Hedlund,  A.,  and  J.  W.  Earles. 
1973.  Forest  statistics  for  Alabama  counties.  U.S. 
Dep.  Agric.  For.  Serv.  Resour.  Bull.  SO-39,  65 
p.  South  For.  Exp.  Stn.  New  Orleans,  La. 

Kingsley,  N.  P.,  and  D.  S.  Powell. 

1978.  The  forest  resources  of  Kentucky.  U.S.  Dep. 
Agric.  For.  Serv.  Resour.  Bull.  NE-54,  97  p. 
Northeast.  For.  Exp.  Stn.  Broomall,  Pa. 

Knetsch,  J.  L.,  and  J.  Smallshaw. 

1958.  The  occurrence  of  drought  in  the  Tennessee 
Valley.  Bull.  T  58-2  AE,  58  p.  Tenn.  Val.  Auth. 
Little,  E.  L.,  Jr. 

1979.  Checklist  of  United  States  trees  (native  and 
naturalized).  U.S.  Dep.  Agric.  Handb.  541,  375 
P- 

McCarthy,  E.  F. 
1933.  Yellow  poplar  characteristics,  growth,  and 
management.  U.S.  Dep.  Agric.  Tech.  Bull.  No. 
356,  58  p. 

Nelson,  T  C,  J.  L.  Clutter,  and  L.  E.  Chaiken. 
1961.  Yield  of  Virginia  pine.  U.S.  Dep.  Agric.  For. 
Serv.  Stn.  Pap.  124,  11  p.  Southeast.  For.  Exp. 
Stn.  Asheville,  N.C. 

Schnur,  G.  L. 

1937.  Yield,  stand,  and  volume  tables  for  even- 
aged  upland  oak  forests.  U.S.  Dep.  Agric.  Tech. 
Bull.  560,  87  p.  (Reprinted  1961). 

Smalley,  G.  W. 

1978.  Classification  and  evaluation  of  forest  sites 
in  the  Interior  Uplands.  In  P.  E.  Pope  (ed.), 
Proc.  Second  Cent.  Hdwd.  For.  Conf.,  Adden- 
dum p.  Smalley  1-20.  Purdue  Univ.,  Ind.  No- 
vember 14-16, 1978. 

Smalley,  G.  W. 

1979a.  Classification  and  evaluation  of  forest 
sites  for  timber  production:  Introduction  of  a 
new  system  for  classifying  forest  sites  based  on 
the  physical  features  of  the  landscape.  In  For- 
est Soils  and  Site  Quality  Workshop,  p.  28-47. 
Auburn  Univ.,  Alabama,  May  8-9, 1979. 

jSmalley,  G.  W. 

1979b.  Classification  and  evaluation  of  forest 
sites  on  the  southern  Cumberland  Plateau. 
U.S.  Dep.  Agric.  For.  Serv.  Gen.  Tech.  Rep.  SO- 
23,  59  p.  South.  For.  Exp.  Stn.  New  Orleans, 
La. 

Smalley,  G.  W.,  and  R.  L.  Bailey. 
1974a.  Yield  tables  and  stand  structure  for  lob- 
lolly pine  plantations  in  Tennessee,  Alabama, 
and  Georgia  highlands.  U.S.  Dep.  Agric.  For. 
Serv.  Res.  Pap.  SO-96,  81  p.  South.  For.  Exp. 
Stn.  New  Orleans,  La. 


Smalley,  G.  W.,  and  R.  L.  Bailey. 

1974b.  Yield  tables  and  stand  structure  for  short- 
leaf  pine  plantations  in  Tennessee,  Alabama, 
and  Georgia  highlands.  U.S.  Dep.  Agric.  For. 
Serv.  Res.  Pap.  SO-97,  57  p.  South.  For.  Exp. 
Stn.  New  Orleans,  La. 
Smalley,  G.  W.,  and  D.  R.  Bower. 

1971.  Site  index  curves  for  loblolly  and  shortleaf 
pine  plantations  on  abandoned  fields  in  Ten- 
nessee, Alabama,  and  Georgia  highlands.  U.S. 
Dep.  Agric.  For.  Serv.  Res.  Note  SO-126,  6  p. 
South.  For.  Exp.  Stn.  New  Orleans,  La. 
Soil  Conservation  Service. 

1975.  General  soil  map,  Kentucky.  In  cooperation 
with  Ky.  Agric.  Exp.  Stn.  and  Div.  Conserv., 
Dep.  Nat.  Resour.  and  Environ.  Protect. 
Soil  Survey  Staff. 

1951.  Soil  survey  manual.  U.S.  Dep.  Agric. 
Handb.  18,  503  p. 
Soil  Survey  Staff. 

1975.  Soil  taxonomy:  A  basic  system  of  soil  clas- 
sification for  making  and  interpretating  soil 
surveys.  U.S.  Dep.  Agric.  Soil  Conserv.  Serv. 
Agric.  Handb.  436,  754  p. 
Thornthwaite,  C.  W. 

1931.  The  climate  of  North  America  according  to 
a  new  classification.  Geogr.  Rev.  21:  633-655. 
U.S.  Department  of  Agriculture. 

1941.  Climate  and  man.  Yearbook  of  agriculture. 
1248  p.  U.S.  Gov.  Print.  Off.  House  Document 
No.  27,  77th  Congress,  1st  Session. 
U.S.  Department  of  Commerce. 

1974a.   Climatological  data,   Kentucky   annual 
summary.  69:13, 13  p. 
U.S.  Department  of  Commerce. 

1974b.   Climatological   data,  Tennessee  annual 
summary.  79:13,  lip. 
U.S.  Forest  Service. 

1929.  Volume,  yield,  and  stand  tables  for  second- 
growth  southern  pines.  U.S.  Dep.  Agric.  For. 
Serv.  Misc.  Pub.  No  50, 202  p.  (Slightly  revised 
1976). 
Wertz,  W.  A.,  and  J.  F  Arnold. 

1975.  Land  stratification  for  land-use  planning. 

In  B.  Bernier  and  C.  H.  Winget  (ed.),  Forest 

Soils  and  Forest  Land  Management,  p.  617- 

629.  Les  Presses  de  L'Universite  Laval,  Quebec. 

Winters,  R.  K.,  and  J.  G.  Osborne. 

1935.  Growth  and  yields  of  second-growth  red 
gum  in  fully  stocked  stands  on  alluvial  lands 
in  the  South.  U.S.  Dep.  Agric.  For.  Serv.  Occas. 
Pap.  54,  12  p.  South.  For.  Exp.  Stn.  New 
Orleans,  La. 


119 


APPENDIX 

County  Soil  Surveys  Available 
for  the  Western  Highland  Rim  and  Pennyroyal1 
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1980.  Classification  and  evaluation  of  forest  sites  on  the  West- 
ern Highland  Rim  and  Pennyroyal.  U.S.  Dep.  Agric.  For. 
Serv.  Gen.  Tech.  Rep.  S0-30,  120  p.  South.  For.  Exp.  Stn., 
New  Orleans,  La. 

Presents  a  comprehensive  forest  site  classification  system  for  the 
Western  Highland  Rim  and  Western  Pennyroyal-Limestone  area 
in  northwest  Alabama,  west-central  Tennessee,  and  western 
Kentucky.  The  system  is  based  on  physiography,  geology,  soils, 
topography,  and  vegetation. 
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Selected  Bibliography  on  Southern 
Range  Management,  1973-1978 

H.A.  Pearson,  R.D.  Child,  E.K.  Byington,  H.E.  Grelen,  C.E.  Lewis 

Committee  on  Range  Bibliography  of  the  Southern  Section, 
Society  for  Range  Management 


Introduction 


This  bibliography  is  the  fourth  of  a  series  inaugu- 
ated  in  1963  for  the  purpose  of  recording  publica- 
ions  that  deal  importantly  with  the  forest  ranges  of 
he  South,  and  with  the  livestock  and  wildlife  utiliz- 
ng  this  vast  resource. 

For  the  first  number  of  the  series,1  the  compilers 
ppraised  all  literature  that  had  accrued  through 
|961.  The  second  bibliography2  spanned  the  years 
962-1967.  The  third  bibliography3  covered  the 
[ears  1968-1972  and  somewhat  strengthened  the 
yildlife  section  with  some  minor  changes.  The  pres- 
jnt  list  contains  over  1000  entries  and  updates  the 
overage  of  publications  through  1978;  the  present 
jlassification  system  expands  or  modifies  some  pre- 
ious  categories  to  provide  additional  attention  to 
iteractions  among  the  various  uses  of  the  southern 
lange.  This  listing  should  provide  information  rele- 
vant to  the  diverse  interests  of  land  managers,  stock- 
len,  conservationists,  scientists,  teachers,  and  stu- 
ents. 

As  in  the  first  three  bibliographies  in  this  series, 
le  southern  range  area  is  considered  to  extend  from 
astern  Oklahoma  to  Virginia,  and  from  southern 
Kentucky  and  Missouri  to  the  Gulf  of  Mexico, 
iecause  pasture  commonly  augments  the  diets  of 


■Campbell,  R.S.,  L.K.  Halls,  and  H.P.  Morgan.  1963.  Selected 
biography  on  southern  range  management.  USDA  Forest 
brvice  Research  Paper  SO-2,  62  p.  Southern  Forest  Experiment 
:ation,  New  Orleans,  Louisiana. 

I'Duvall,  V.L.,  A.W.  Johnson,  and  L.L.  Yarlett.  1968.  Selected 
bliography  on  southern  range  management,  1962-1967.  USDA 
orest  Service  Research  Paper  SO-38,  34  p.  Southern  Forest 
xperiment  Station,  New  Orleans,  Louisiana. 
3  Pearson,  H.A.,  C.E.  Lewis,  G.E.  Probasco,  and  G.L.  Wolters. 
:'73.  Selected  bibliography  on  southern  range  management, 
'68-1972.  USDA  Forest  Service  General  Technical  Report 
p-3,  50  p.  Southern  Forest  Experiment  Station,  New  Orleans, 
Juisiana. 


cattle  that  subsist  chiefly  on  range  forage,  pertinent 
publications  on  supplemental  pastures  and  cropland 
are  included. 

The  present,  1973-1978,  bibliography  inaugurates 
a  new  production  process.  Citations  collected  by 
WINROCK  International  Livestock  Research  and 
Training  Center  were  used  to  create  a  computer- 
based  bibliographic  file.  This  file  was  edited,  cor- 
rected, updated,  categorized,  and  indexed  by  a  team 
of  range  scientists  (the  authors),  editors,  librarians, 
technical  information  specialists,  and  computer  spe- 
cialists. For  the  most  part,  team  members  worked 
together  from  their  own  offices  by  using  various 
communication  channels — many  computer-based — 
to  achieve  the  joint  effort  described  above.  The 
publication  appears  to  be  similar  to  earlier  bibliogra- 
phies in  this  series,  but  the  author  index,  the 
keyword  index,  the  computer  typesetting,  and 
camera-ready  copy  were  drawn  from  the  corrected 
computer-based  file  records  as  by-products — requir- 
ing little  additional  effort. 

Another  by-product  is  a  searchable  data  base.  The 
records  from  the  computer  file  are  now  part  of 
CORR  (Communications  on  Renewable  Resources), 
an  information  resource  available  for  searching 
through  Bibliographic  Retrieval  Services,  Inc. 
(BRS).  Access  to  CORR  may  be  obtained  through 
Richard  L.  Knox,  Leader,  Technology  Transfer 
Group,  Forest  Service,  U.S.  Department  of  Agri- 
culture, Box  2417,  Washington,  D.C.  20013.  Devel- 
opment of  this  and  other  subsets  of  CORR  relevant 
to  range  management  have  been  sponsored  jointly 
by  the  Interagency  Range  Information  Committee. 
Cooperation  by  the  Forest  Service  (Vern  L. 
Thompson,  Don  D.  Seaman,  Theodore  V.  Russell), 
the  Soil  Conservation  Service  (Donald  T.  Pendle- 
ton, Douglas  V.  Sellars)  of  the  U.S.  Department  of 


Henry  A.  Pearson  is  Chief  Range  Scientist  and  Harold  E.  Grelen  is  Principal  Range  Scientist  at  the  Southern  Forest  Experiment 
iation,  Forest  Service — USDA— Pineville,  Louisiana.  R.  Dennis  Child  and  E.  K.  Byington  are  Range  Scientists  at  Winrock 
ternational  Livestock  Research  and  Training  Center,  Petit  Jean  Mountain,  Morrilton,  Arkansas.  Clifford  E.  Lewis  is  Principal  Range 
:ientist,  Southeastern  Forest  Experiment  Station,  Forest  Service — USDA — Marianna,  Florida. 


Agriculture  and  the  Bureau  of  Land  Management 
(Ron  Younger  and  Edward  L.  Fisk)  of  the  U.S. 
Department  of  the  Interior  has  made  the  Commit- 
tee's work  possible.  Mary  B.  O'Hara,  Forest  Service 
Technical  Information  Specialist,  has  provided  lead- 
ership and  direction  in  developing  the  concept  of 
CORR  and  CORR  products.  Cooperation  between 
the  Forest  Service  and  the  U.S.  Department  of 
Energy  has  provided  valuable  computer  services, 
particularly  use  of  ORCHIS,  a  system  developed  at 
Oak  Ridge  National  Laboratory. 

Sources  consulted  included  books,  periodicals, 
publications  of  the  U.S.  Government,  and  of  State 
Agricultural  Experiment  Stations,  releases  of  re- 
gional organizations  and  private  foundations,  and 
bibliographies  with  abstracts.  Periodicals  searched 
included: 

Agronomy  Journal 

American  Forests 

American  Journal  of  Botany 

American  Midland  Naturalist 

Botanical  Gazette 

Botanical  Review 

Crop  Science 

Ecology 

Ecological  Monographs 

Economic  Botany 

Forest  Farmer 

Forests  and  People 

Forest  Science 

Gulf  Coast  Cattleman 

Journal  of  Animal  Science 


Journal  of  Forestry 

Journal  of  Range  Management 

Journal  of  Soil  and  Water  Conservation 

Journal  of  Wildlife  Management 

Soil  Science 

The  Cattleman 

Several  members  of  the  Society  for  Range  M 
agement  and  State  and  Federal  agencies  reviev 
an  initial  draft  of  the  bibliography  and  supp] 
additional  pertinent  references  and  suggestions: 

Elvis  R.   Beaty,   Agronomy  Department,   University 

Georgia,  Athens,  Ga. 
Nathan  A.  Byrd,  Southeastern  Area,  State  and  Priv 

Forestry,  USDA  Forest  Service,  Atlanta,  Ga. 
Raymond  D.  Evans,  Missouri  Department  of  Conser 

tion,  Jefferson,  Mo. 
Sam  D.  Halverson,  Region  8-Southern  Region,  US 

Forest  Service,  Atlanta,  Ga. 
Dennis  H.  Hunter,  School  of  Forest  Resources  and  C 

servation,  University  of  Florida,  Gainesville,  Fla. 
Norwin   E.   Linnartz,   School  of  Forestry  and   Wil< 

Management,  Louisiana  State  University,  Baton  Ro 

La. 
H.  Dean  Moberly,  Department  of  Economics,  Aut  i 

University,  Montgomery,  Ala. 
John  D.  Powell,  Georgia  Agricultural  Experiment    | 

tion,  Americus,  Ga. 
George  E.  Probasco,  USDA  Forest  Service,  North  (( 

tral  Forest  Experiment  Station,  Columbia,  Mo. 
David  W.   Sanders,   USDA  Soil   Conservation   Sen 

Jackson,  Miss. 
Ronald  E.  Thill,  USDA  Forest  Service,  Southern  Fc 

Experiment  Station,  Pineville,  La. 
J.   Wayne   Weaver,   USDA   Soil   Conservation   Serv 
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1021 

CLEARING  280,  985,  1040 

CLIMATE  54,  642 

CLIPPING  160,  192,  301,  444 

CLOVER  165,  195,  202,  217, 
218,  235,  236,  260,  263,  267, 
300,  309,  355,  761 

COAL  152 

COASTAL  BERMUDA- 

GRASS  12,  64,  70,  139, 
177,  228,  232,  235,  240,  263, 
268,  298,  301,  322,  327,  328, 
329,  330,  336,  359,  420,  447, 
514,  582,  653,  682,  684,  717, 
734,  768,  871, 1046 

COMMUNITIES  87 

COMPACTION  893 

COMPOSITION  22,  26,  30, 
63,  237,  252,  364,  459,  645, 
731,  744,  902,  995, 1008 

CONSERVATION  3,  941 

CONTROL  41,  42,  150,  278, 
297,  383,  393,  401,  403,  404, 
406,  413,  416,  417,  418,  438, 
613,  616,  626,  647,  686,  707, 
913 

CONTROLLED  BURN- 

ING 984 

COOL  SEASON  273 

CORDGRASS  144 

COTTONSEED  MEAL  566, 
583,  605,  607 

COW  132,  157,  220,  235,  268, 
292,  295,  298,  317,  324,  325, 
342,  471,  491,  498,  510,  524, 
531,  565,  566,  575,  605,  607, 
611,  645,  790 

COW-CALF  263,  296,  310, 
453,  479,  485,  788,  796,  797, 
804,  908 

COYOTE  1006, 1007 

CREEP  292,  537,  587 

CROP  RESIDUES  285 

CROSSBREEDING  317, 
491,  492,  501,  505,  507,  510, 


513,  518,  519,  522,  523,  525, 

765,  790,  809 
CROWNVETCH  234,       260, 

293,  295 
CULLING  471 
CUTOVER  1035 

D 

DAIRY  339,  358,  498,  568, 
765,  809 

DALLISGRASS  209,261 

DEER  32,  143,  432,  643,  655, 
656,  658,  882,  887,  897,  898, 
909,  931,  963,  970,  972,  975, 
977,  979,  980,  981,  982,  985, 
989,  990,  991,  992,  993,  994, 
996,  997,  1001,  1008,  1012, 
1014,  1015,  1018,  1021,  1028, 
1032,  1036,  1040,  1043,  1046, 
1049 

DEER-FORAGE- 
TIMBER  854 

DEFOLIATION  112 

DIET  21,  22,  26,  37,  139,  237, 
532,  534,  604,  641,  882,  896, 
902,  922,  974 

DIGESTIBILITY  25,  29,  30, 
31,  229,  243,  253,  445,  599, 
608,  610,  895,  970,  990,  991, 
992,  995,  996,  997 

DIGITGRASS  207,  214,  229, 
608 

DISEASE  625,  632,  632,  640, 
642,  651 

DOG  960 

DORMANCY  96,  113 

DOUBLE  CROPPING  557 

DOVES  1044 

DROUGHT  457,  591 

E 

ECOLOGY  56,  77,  81,  82, 
103, 119,  128 

ECONOMICS  51,  302,  303, 
374,  432,  482,  588,  761,  765, 
767,  769,  775,  779,  782,  787, 
797,  806,  809,  812,  821,  826, 
829,  831,  835,  839,  841,  845, 
852,  853,  926 

ECOSYSTEMS  69,  83,  84, 
88,  91,  109,  128,  427,  671, 
730,  756,  930,  933,  935 

ELECTRONIC  904 

ENCLOSURE  1049 

ENDANGERED  856,  872, 
959,  961,  966 

ENERGY  33,  222,  301,  509, 
585,  586,  758,  924 

ENVIRONMENT  210 

EROSION  278 

ESTABLISHMENT,  PAS- 
TURE 120,  260,  262,  264, 
267,  272,  275 

ESTRADIOL  606 

EXOTIC  189,501 
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FARMING  763 

FAUNA  737 

FECAL  882,896,909 

FEEDING  HABITS  998 

FEEDS  39,  220,  232,  246,  292, 
305,  309,  311,  332,  467,  479, 
522,  536,  537,  539,  545,  545, 
566,  587,  588,  588,  593,  606, 
607,  805,  819,  991,  992,  1001 

FEES  826 

FENCES  156 

FERNS  13 

FERTILIZATION  141,  160, 
173,  192,  241,  250,  279,  338, 
354,  355,  360,  361,  363,  365, 
369,  373,  645,  713 

FERTILIZER  367 

FESCUE  42,  44,  112,  113, 
115,  166,  169,  174,  186,  187, 

191,  193,  206,  223,  224,  235, 
241,  243,  244,  250,  251,  252, 
254,  258,  264,  267,  272,  299, 
304,  343,  350,  351,  360,  362, 
372,  538,  610,  645,  654,  749, 
910,  990 

Festuca  243,  250 

FINISHING  236,  335,  462, 
466,  476,  539,  548,  552,  556, 
583,  604,  606,  609,  761,  830, 
836,  837,  845,  849 

FIRE  53,  58,  76,  83,  84,  612, 
706,  714,  715,  716,  718,  722, 
730,  735,  737,  739,  740,  741, 
742,  745,  749,  750,  753,  754, 
755,  756,  757,  758,  759 

FIRE  RETARDANTS  1033 

FISHES  1033 

FISTULA  892,902 

FLATWOODS  355,  446,  459, 
817,  996 

FLOODING  62 

FLORIDA  3,  13,  37,  41,  80, 
121,  128,  132,  140,  178,  200, 
211,  219,  323,  342,  355,  418, 
442,  446,  459,  463,  473,  477, 
504,  522,  525,  629,  672,  755, 
768,  793,  816,  817,  824,  825, 
839,  857,  866,  924,  947,  996, 
1008,  1030,  1035 

FLOWERING  99 

FLY  615,616,639,644 

FORAGE  22,  24,  25,  30,  32, 
33,  36,  47,  54,  72,  102,  116, 
135,  136,  137,  138,  139,  145, 
157,  164,  165,  167,  168,  169, 
170,  171,  173,  175,  183,  188, 

192,  200,  201,  202,  205,  210, 
211,  213,  225,  228,  237,  240, 
241,  242,  246,  249,  251,  254, 
257,  262,  264,  268,  270,  274, 
284,  288,  289,  292,  305,  307, 
310,  311,  314,  316,  331,  334, 
335,  337,  339,  341,  342,  346, 
348,  349,  350,  352,  356,  358, 
360,  363,  366,  37 

FORAGE-FED  BEEF  535 
FOREST  14,  31,  58,  63,  71, 
83,  91,  109,   118,  122,   126, 


132,  135,  141,  146,  148,  154, 
559,  663,  664,  665,  669,  676, 
677,  680,  681,  682,  684,  685, 
689,  697,  706,  715,  716,  718, 
722,  735,  741,  791,  803,  811, 
841,  855,  857,  858,  859,  862, 
864,  866,  867,  868,  870,  873, 
875,  876,  937,  957,  959,  962, 
966,  968,  977,  981,  982,  1005, 
1018,  1028,  1029,  1030,  1036, 
1042,  1049 

FOREST  GAME  HABI- 
TAT 1019 

FOREST  RANGE  37,  122, 
126,  132,  135,  146,  147,  148, 
446,  459,  559,  589,  600,  660, 
677,  678,  685,  811,  816,  840, 
841,  855,  860,  868,  870,  873, 
875,  876 

FRUIT  19,31,99,978 


GAINS  235,  320,  447,  513, 
514,  536,  538,  582,  928,  1014 

GEORGIA  184,  335,  340, 
349,  467,  598,  634,  744,  771, 
796,  797,  804,  805,  890,  937 

GERMINATION  96,  113, 
120,  279 

GOATS  438,  441,  527,  642 

GRAIN  236,  270,  539,  542, 
590,  769,  830,  836,  837,  849, 
922,  926 

GRASS  1,  3,  8,  47,  101,  102, 
120,  125,  149,  162,  165,  169, 
173,  175,  178,  181,  189,  190, 
199,  200,  211,  263,  266,  273, 
279,  300,  306,  313,  315,  337, 
340,  425,  560,  618,  623,  634, 
641,  667,  713,  863,  911,  950 

GRASS  TETANY  614 

GRASSLANDS  129,  148, 
287,  754,  756,  757,  966 

GRAZERS  879 

GRAZING  37,  122,  126,  136, 
146,  147,  177,  188,  190,  237, 
295,  297,  308,  322,  329,  330, 
445,  446,  448,  450,  451,  452, 
455,  456,  457,  459,  538,  589, 
645,  648,  660,  678,  704,  780, 
807,  826,  841,  855,  860,  875, 
885,  894,  895,  928 

GRAZING  SYSTEMS  443, 
458 

GROWTH  REGULA- 

TION 615 

GRUB  629 

GUYANA  926 

H 

HABITAT  717,  962,  1015, 
1018,  1028,  1029,  1030,  1042, 
1049 

HARDWOOD  4,  58,  75,  91, 
93,  278,  399,  405,  423,  656, 
689,  716,  720,  724,  753,  858, 
1005, 1018 


HAY  21,  177,  188,  190,  220, 
247,  282,  298,  302,  303,  309, 
332,  569,  608,  610,  654,  833, 
922 

HEIFER  318,  320,  344,  508, 
536,  538,  539,  591,  606,  607 

HERBAGE  35,  147,  159,  160, 
165,  166,  183,  186,  189,  192, 
204,  241,  244,  250,  251,  293, 
299,  301,  327,  343,  351,  352, 
362,  364,  420,  459,  678,  687, 
688,  689,  720,  724,  781,  865, 
885,  910,  969,  970 

HERBAGE  DISAPPEAR- 
ANCE 147 

HERBICIDE  260,  275,  377, 
387,  389,  390,  392,  393,  394, 
395,  396,  397,  398,  399,  400, 
401,  404,  406,  408,  409,  410, 
411,  413,  415,  416,  421,  422, 
423,  425,  426,  427,  428,  429, 
431,  433,  434,  599,  718 

HERBIVORES  998 

HEREDITY  973 

HEREFORD  492,    508,    510, 

564 
HISTOLOGIC  998 
HOLSTEIN  508 
HONEYSUCKLE  35,       369, 

972,  1015 


IMPLANTS  591,603,606 
INDIANGRASS  96,  105 
INFILTROMETER  884 
INKBERRY  979 
INSECTICIDE  628 
INSECTS  118,646,647 
INTAKE  229,  445,  608,  887, 

895, 1001 
INTEGRATED    MANAGE- 
MENT 859,  867,  868,  870 
INVENTORIES  873,      1045, 

1046,  1047 
IRRIGATION  269,354 


JOINTVETCH  143 

K 

KENTUCKY  350,  362,  795 
KISSIMMEE  87 
KOLEAGRASS  264 
KUDZU  404 


LAND  USE  776 

LANDOWNERS  791,803 

LEASES  764 

LEGUME  1,  117,  141,  175, 
176,  178,  179,  185,  187,  200, 
201,  250,  275,  299,  308,  321, 
729,  926,  950 

LESPEDEZA  225,315,316 


LIGHTNING  715 
LIVESTOCK  38,  40,  43,  41    ; 

134,  138,  167,  646,  793,  79. 

818,  824,  826,  828,  917,  95! 

968 
LOBLOLLY    PINE  93,   37:    ; 

380,  655,  656,  670,  673,  68!   \ 

854,  931, 1028 
LONE  STAR  TICKS  643      |k 
LONGLEAF    PINE  74,    iv\ 

723,  727,  865  | 

LOUISIANA  17,  66,  70,  47M 

639,  699,  723,  726,  808,  81]  \ 

875,  876,  1002,  1006,  100:  i 

1012,  1018,  1036,  1045,  104( 

1047 
LUPINE  239,  249 

M 

MAGNESIUM  356,  560,  6*4 
MAMMALS  58,668,966 
MANURE  374 
MARKETING  769,  825, 

845,  850 
MARSHLANDS  70,  94 
MAST  980 

MEAT  PRODUCTION  465 
MECHANICAL  SITE  % 

PREPARATION  280,  102( 
MIDSTORY  656 
MINERALS  241,     258,    584 

616,  902 
MISSISSIPPI  162,    455,   7777 

779,  803 
MISSISSIPPI  RIVER  63 
MISSOURI  47,  644,  899,  99'*jj 
MODELING  783,    854,    915 

918,  919,  920,  921,  923,  925'! 

926,  927,  930,  936,  937,  938'J 

940,  943 
MOLASSES  545,  586 
MONENSIN  538,    552, 

584,  606,  609 
MOWING  35,657,731 

N 


582  c 

C 


& 


NATIVES  983 

NEMATODE  269,343,653 

NITRATE  359,  362,  627 

NITROGEN  105,    160,    165 

192,  201,  241,  250,  265,  301 

353,  362,  365,  366,  372,  5W 

584,  780,  818,  892 

NORTH      CAROLINA  109' 

1032 
NUTRIENTS  28,34 
NUTRITION  25,  31,  35,  91 
144,  204,  238,  239,  244,  247 
249,  252,  253,  258,  353,  355  LN 
459,  563,  601,  608,  657,  713  A 
735,  840,  968,  970,  990,  99:  16. 

o 

OAK  413,    969,    980,    1021 

1029 
OAT  338,  353 
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::eechobee  703 
::efenokee  53 
::lahoma  591 
:timization  913,915 
clchardgrass  183,  251, 

!94,  361,  610 
ZfERSEEDING  168,      169, 

63,  266,  268,  337 

fERSTORY  655,  658,  687 

ERSTORY  EF- 

ECTS  860 
:fINE  39 

ARKS  16,    32,    405,    997, 

040,  1049 


PLATABILITY  256 
LMETTO  442 

PINGOLA  222,608 

hicum  262,  444 

»i*AQUAT  261,  420 

'^ASITES  621,  633,  648, 
53,  676 

•yJTURE  163,  194,  195,  199, 
)0,  219,  228,  236,  237,  238, 
13,  252,  253,  265,  269,  271, 
'2,  276,  280,  282,  291,  296, 
17,  300,  317,  318,  320,  323, 
!4,  325,  336,  344,  350,  351, 
.5,  383,  418,  435,  452,  456, 
17,  466,  498,  513,  523,  538, 
19,  542,  585,  586,  588,  593, 
■8,  653,  699,  761,  764,  768, 
5,  859,  903,  910,  924,  955 

'DOMETERS  880 

1  ENNIAL  101,  162,  165, 
3,  276,  337,  340 

ET  612,  616,  626,  631,  639, 
9 

ETICIDES  700 

KNOXY  396,397 

tj)SPHORUS  353,  364 

fVtosensitivity  211 

I'LORAM  423 
IDMONT  773,    789,    796, 
7,  804,  830,  867 
HE  4,  25,  26,  39,  40,  69,  74, 
I  93,   135,   147,   189,  373, 
<|5,  656,  658,  660,  670,  672, 
<17,  678,  687,  688,  689,  716, 
K,  718,  723,  724,  727,  728, 
:p,  821,  863,  875,  931,  970, 
B,  1005,  1018,  1021,  1028 
I!£  FORESTS  668 
HE  PLANTATIONS  861 
IK-BLUESTEM  726 
IH-HARDWOOD  878 
L.NT     SUCCESSION  53, 
6 

Station  860 
jktations  373,     655, 

6.\  672,  686,  688,  724,  727, 


931,  970,  972,  974,  1030 
POCOSIN  1032 
POISONING  38,  40,  43,  46, 

48,627 
POLLUTION  733,913 
POTASSIUM  241,353,641 
PRAIRIE  139 
PRECIPITATION  247,    358, 

466,  699,  708,  913,  936 
PREDATOR  CON- 

TROL 631 
PRODUCTIVITY, 

ANIMAL  295,     491,     498, 

510,  565,  575 
PROGRAMMING  914 
PROTEIN  222,  241,  534,  550, 

569,  570,  584,  591,  600,  608, 

611 
PUBLIC  LANDS  891 
PULP  609 

R 

RACKS  973 
RAINFALL  865 
RANCHING  915,955,963 
RANGE  GLOSSARY  951 
RANGE  MANAGE- 

MENT 953,  955 
RANGELAND  64,     88,     95, 

106,  108,  117,  134,  403,  456, 

465,  692,  802,  881,  884,  893 
RATIONS  973 
RECREATION  691,  693 
REGENERATION  753 
REGROWTH  183,  206,   227, 

456 
REPRODUCTION, 

ANIMAL  39,  509,  518,  524, 

527,  531 
REVEGETATION  90,     152, 

154,  278 
RHODESGRASS  219 
ROOTS  45,  204,  676,  900 
ROTATIONS  728 
ROUGHAGE  570,  769,  807 
RUMEN  44,    545,    882,    892, 

898,  902 
RUMINANT  30,     239,     585, 

601,  922 
RYE  32,  184,  264 
RYEGRASS  236,    270,    276, 

309,  338,  353,  627,  761 


SALINE  RANGE- 

LANDS  820 
SALIVA  892 
SALT  MARSH  66 
SAMPLING  883,901,907 
SANTA     GERTRUDIS  492, 
492,  493,  493 


SAWDUST  568 
SCUD  1033 

SEEDS  AND  SEEDING  13, 
19,  31,  96,  120,  193,  209,  262, 
265,  270,  279,  316,  337,  926, 
995 
SEYMERIA  45,49,676 
Seymeria  cassioides  49 
SHEEP  229,  461,  642 
SHORTHORN  505,  523 
SHRUB  34,720,734 
SILAGE  21,282,551 
SITE  CONVERSION  1032 
SKYLAB  820 
SLASH    PINE  74,    78,    111, 

373,  672,  678,  724,  860 
SMOKE  681,  743,  747,  748 
SMUTGRASS  41,418,435 
SOIL  68,  70,  71,  72,  141,  160, 
323,  327,  343,  353,  355,  356, 
363,  364,  413,  456,  657,  684, 
706,  709,  753,  759,  889,  893, 
941 
SOIL  TESTING  367 
SOYBEANS  557 
SPITTLE  BUG  114 
ST.  AUGUSTINE- 

GRASS  216 
STARGRASS  215 
STEER  145,    195,    236,    308, 
336,  447,  513,  538,  551,  552, 
582,  583,  584,  588,  603,  609, 
610,648 
STOCKER  145,      322,      329, 

455,  513,  653,  796,  797 
STOCKING  RATE  330,  653, 

780,  928 
STREAM  682 

SUPPLEMENTATION  534, 

542,  545,  559,  560,  584,  589, 

591,  595,  605,  607,  608,  611 

SURFACE        MINING  153, 

352 
SURVEY  68,    72,    791,    795, 
826,  873,  897,  946,  949,  966 
SWITCHGRASS  444 


TAXES  835 

TENNESSEE  5,     109,     560, 

697,  720,  778 
TETANY  306,  313,  618,  623, 

634,  641 
TEXAS  1,  8,  12,  51,  64,  73, 

90,  139,  270,  298,  341,  403, 

692,  833,  950,  952,  975,  977, 

1005,  1016 
THINNING  377 
THREEAWN  140,442,731 
TIMBER  69,    90,    280,    383, 

404,  664,  680,  689,  867,  877, 

931 
TIMOTHY  183,365 


TORDON  10K  404 
TOXICITY  42,   44,   47,    619, 

642,  654 
TRITICALE  308 
TROPICAL  13,  167,  178,  200, 

211,291,340,837 
TURKEY  984,     1000,     1004, 

1011,  1043 


u 

UNDERSTORY  62,  63,  684, 

718,  890 
UNDESIRABLE 

PLANTS  123 
UREA  359,  545,  552,  583,  595 


VETCH  193 
VETERINARY  617,  619 
VIRGINIA  129,     770,     832, 
1004,  1021 


w 

WATER  95,  150,  358,  360, 
550,  569,  626,  698,  700,  706, 
707,  714,  929 

WATERSHED  91,  699,  704, 

779 

WEANING  473,  481,  493, 
505,  519,  522,  587 

WEANING  WEIGHT  487 

WHEAT  171,309 

WILDLIFE  14,  71,  132,  138, 
669,  677,  717,  762,  816,  857, 
862,  864,  866,  867,  870,  877, 
887,  918,  931,  955,  957,  958, 
962,  964,  965,  968,  972,  975, 
978,  980,  985,  987,  988,  997, 
1000,  1004,  1011,  1013,  1020, 
1030,  1040, 1042,  1048 

WIREGRASS  25,  74,  269 

WOOD  548 

WOODLAND  310,  826,  985 


YEARLING  157,308,586 

z 

ZEBU  498,  894 
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PREFACE 

This  brief  history  describes  some  of  the  more  important  forestry  and  related 
happenings  in  southern  Arkansas  and  northern  Louisiana  between  1930  and 
1955.  This  was  the  period  in  which  clearcutting  of  the  virgin  pine  timber  came 
to  a  crashing  halt— because  there  was  no  more.  It  also  marked  the  start  of 
managing  the  second-growth  stands  at  a  time  when  no  one  knew  how  or  why 
they  should  be  managed.  These  stands,  which  had  grown  up  in  spite  of  no 
protection  or  management,  were  generally  understocked  and  widely  variable  in 
age  classes.  To  confound  the  problem,  it  was  a  universal  belief  that  lumber  from 
second -growth  trees  was  practically  worthless. 

The  account  is  largely  limited  to  the  shortleaf-loblolly  pine-upland  hard- 
wood forests  of  southern  Arkansas  and  northern  Louisiana  because  the  writer 
of  these  notes  grew  up  with  (in  a  professional  sense)  and  knew  this  area  in- 
timately. For  the  same  reasons,  the  story  is  centered  on  Crossett,  Arkansas, 
and  on  holdings  of  the  Crossett  Lumber  Company. 

Many  other  areas  and  forest  ownerships  have  equally  interesting  histories, 
but  foresters  and  managers  in  the  Crossett  area  were  leaders  in  the  changeover 
from  virgin  to  second-growth  timber  management  and  operation  in  the  South. 
A  great  many  "firsts"  were  hammered  out  here.  And  for  40  years,  people  from 
around  the  country  — and  the  world— came  to  Crossett  to  see  the  far-reaching 
developments.  They  learned  how  they  might  put  the  same  practices  in  use  on 
their  own  areas  and  forests. 
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The  Beginning  of  Forestry 

in 
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R.  R.  Reynolds 


IN  THE  BEGINNING- 
CUT  OUT  AND  GET  OUT!" 


Sawmilling  of  the  virgin  shortleaf  and  loblolly 
p<ie  timber  in  southern  Arkansas  and  northern 
Imisiana  began  on  a  large  scale  in  the  1890's. 
fljills  cutting  upward  of  50,000  bd.  ft.  per  day  were 
cmmon,  one  was  located  30  to  40  miles  or  so  in 
eery  direction.  Because  of  the  many  logs  needed 
eery  day  and  the  fact  that  logging  trucks  were 
i  heard  of,  all  large-scale  logging  was  done  by 
rilroad.  Generally,  two  spurs  were  constructed 
c:  the  main-line  into  each  40-acre  area,  and  teams 
c  oxen  or  horses  were  used  to  skid  the  logs  to  the 
surs.  Here  logs  were  picked  up,  by  steam - 
c  erated  loaders  that  ran  on  rails  on  top  of  the  log 
crs,  and  placed  on  the  log  cars  for  transportation 
t  the  mill  (fig.  1). 

Although  some  stands  of  timber  had  as  much 
a  25,000  bd.  ft.  (Doyle)  per  acre,  the  average  that 
vis  usable,  by  standards  in  use  at  the  time,  was 
a  out  7,000  bd.  ft.  (fig.  2).  This  was  according  to 
Lvi  Wilcoxon,  longtime  logging  and  woodlands 
S  perintendent  of  the  Crossett  Lumber  Company 
c  Crossett,  Arkansas. 

In  any  event,  by  the  middle  to  late  1920's,  the 
ed  of  the  big  cut  was  near  at  hand,  and  by  1930 
nny  of  the  mill-owners,  who  had  come  South 
a;er  logging  in  the  Lake  States  had  been  com- 
peted, started  looking  at  the  big  untapped  virgin 
sinds  of  the  West  as  the  location  for  their  next 
cerations. 


Many  families  had  moved  into  the  uplands  of 
southern  Arkansas  and  northern  Louisiana,  had 
homesteaded,  and  had  established  farms  many 
years  before  the  coming  of  the  big  sawmills.  To 
these  farmers,  trees  were  something  that  had  to  be 
disposed  of  by  cutting  and  burning  before  the 
areas  were  suitable  for  row  crops.  Since  machinery 
for  such  operations  was  not  available  in  those 
days,  the  farmers  often  welcomed  the  big 
sawmillers  with  open  arms.  According  to  an  oft 
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Figure  1.- Sawmill  #i,  power  plant,  log  pond,  and  log  ramp 
of  Crossett  Lumber  Co.  Mill  housed  two  high- 
speed band  mills.   (FS  394380). 


epeated  story,  the  Crossett  Lumber  Company 
people  set  up  a  land  office  at  the  county  seat  in 
Hamburg,  Arkansas,  and  offered  $2.50  per  acre  in 
hard  cash,  for  the  farmer's  timber  or  timber  land. 
When  word  of  this  got  out,  small  timberland 
owners  by  the  hundreds  hurried  in  to  get  rid  of 
their  extra  land  or  timber  before  those  "Damn 
Yankees  ran  out  of  the  stuff." 

In  other  words,  as  late  as  1933  many  people 
thought  that  timberland  (or  areas  with  trees)  was 
wild  and  undeveloped  land.  It  would  be  of  real 
value  only  when  the  trees  were  cleared  and  the 
acres  put  into  pasture  or  row  crops. 

When  logging  of  the  virgin  timber  began  on  a 
large  scale,  no  one  thought  about  developing  the 
second-growth  stands.  Only  one  kind  of  lumber 
was  worth  anything  for  construction  purposes: 
slow  growth  virgin.  Second-growth  trees  were 
often  rapid  growth,  and  second-growth  lumber 
was  supposed  to  be  practically  worthless  "because 
it  would  warp  or  shrink  or  twist."  And  it  sup- 
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Figure  2.  -  Virgin  loblolly -shortleaf  pine-upland  hardwood 
stand  near  Crossett,  Ark.,  in  1934.  Some  of  the 
larger  trees  were  34  to  36  inches  in  diameter.  The 
young  woman  pictured  is  Christine  Hendrix  (Mrs. 
A.   G.  Jacobson). 


posedly  had  very  little  strength.  So  even  thougl 
the  lumber  companies  only  cut  trees  that  wen 
about  14  inches  and  larger  in  stump  diameter 
they  made  no  attempt  to  keep  the  smaller  pines 
and  hardwoods  from  injury.  Many  of  those  wen 
cut  and  used  for  ballast  and  rough  ties  for  the  spui 
logging  railroads. 

It  was  also  a  certainty  that  once  the  pin( 
"slashings"  had  dried  out  they  would  catch  fire 
and  a  nice  hot  burn  would  kill  a  large  proportion  oi 
these  smaller  seedlings,  saplings,  and  poles. 

Because  of  this  and  because  there  was  nc 
organized  attempt  to  protect  the  woods  from  fire 
it  now  seems  amazing  that  many  of  the  smallei 
pine  trees  came  through  the  fires,  began  to  grow 
at  a  rapid  rate,  and  began  to  produce  seed 
Seedlings  sprang  up  and  some  thin,  but 
respectable,  young  pine  stands  with  trees  of  many 
diameters  developed  on  many  of  the  areas  thai! 
had  been  cut  over  10  to  20  years  previously. 

Hardwoods,  from  sprout  size  up  to  about  2( 
inches  d.b.h.  (diameter  breast  high),  had  always 
been  intermingled  with  the  pine  in  virgin  stands  >' 
Since  such  hardwoods  had  little  or  no  value  at  the 
time,  the  ones  that  were  not  seriously  damaged  it 
the  cutting  of  the  big  pine  stands  continued  tc 
grow  and  reproduce.  So  the  new,  young  pind 
stands  often  contained  as  many  or  more  hard; 
woods  than  pine— and  many  of  these  hardwoods) 
were  larger  than  the  pine. 


PROFESSIONAL  FORESTRY 
COMES  TO  CROSSETT 


For  the  few  companies  in  the  South  that  die 
not  fold  up  when  the  virgin  timber  neared  an  end 
the  decision  to  manage  their  second-growth  foresl 
for  timber  production  was  a  gradual  one,  evolving 
as  a  last  resort.  The  Crossett  Company  was  n( 
exception. 

Until  about  1930,  the  Crossett  Lumbei 
Company  continued  to  offer  its  cutover  land  foi 
sale  to  farmers  and  others.  The  company  also  triec 
raising  cattle  on  an  experimental  basis.  It  was 
decided  that  something  of  better  grade  than  usua 
"range"  cattle  should  be  produced,  so  the  com 
pany  purchased  a  high-quality  and  very  expensive 
bull  from  Iowa  in  order  to  improve  the  strain.  The 
idea  was  good  but  the  bull  could  not  stand  th< 


;  ks  and  the  heat.  The  story  was  told  that  in  hot 
lather  they  had  to  put  him  into  a  padded  cell  in 
;:j  barn,  with  fans  blowing  on  him  from  "before" 
id  "aft." 

J  Two  areas  were  included  in  the  cattle  venture. 
lite  was  located  about  a  mile  east  of  Crossett  on 
ab  Unity  Road  (now  U.S.  Highway  82).  The  other 
i;a  was  at  the  northern  end  of  the  Prairie  Du 
E.tte  in  Louisiana.  The  cattle  venture  failed,  but 
j!1927  some  of  the  old  Cattle  Farm  area  east  of 
[pssett  was  planted  with  pine  trees.  This  was  the 
fijst  sizeable  loblolly  pine  plantation  in  the  area 
(I1?.  3). 


Fjure  3.-  Crossett  Lumber  Co.'s  cattle  farm  plantation  of 
loblolly  pine.  Stand  was  14  years  old  at  the  time  of 
the  photograph. 


Having  tried  in  vain  to  find  suitable  uses  for 
il  "cutover,"  the  Crossett  Company  probably 
vis  in  a  receptive  frame  of  mind  for  most  any  idea 
vien  Prof.  H.  H.  Chapman  entered  the  picture. 
Fpf.  Chapman,  who  headed  up  the  annual  Yale 
liiversity  summer  camp  for  forestry  students  at 
lania,  Louisiana,  became  interested  in  some  of 
tb  second-growth  stands  that  had  developed  on 
fy  Crossett  Company  holdings.  With  the  aid  of 
sme  of  his  students,  he  inventoried  some  of  these 
atas  and  suggested  that  perhaps  the  Company 
diild  make  a  second  cut  of  logs  on  some  locations 
o,:e  the  cutting  of  the  virgin  timber  had  come  to 
a:  end.  In  any  event,  he  undoubtedly  was 
sponsible  for  creating  an  interest  in  "timber 
pssibilities"  in  the  minds  of  the  owners  of  the 
C^ssett  Lumber  Company. 


The  interest  was  great  enough  for  Company 
officials  to  agree  to  the  appointment  of  a 
professional  forester,  W.  K.  Williams,  who  over 
considerable  opposition  in  1926  and  early  1927  put 
through  a  proposal  to  start  leaving  pine  seed  trees 
(called  "mammy  trees"  by  the  saw  crews)  at  the 
time  the  virgin  timber  was  being  cut.  He  also 
began  trying  to  interest  the  local  people  in  fire 
protection  for  the  woods.  This  latter  proposal  was 
of  mountainous  proportions  because  all  the  folks 
knew  that  the  woods  had  to  be  burned  over  every 
few  years  "in  order  to  kill  the  snakes  and  the 
ticks"  and  to  "green  up  the  grass." 

Williams  resigned  from  his  position  after 
about  a  year  to  become  Extension  Forester  in  the 
Washington  Office  of  the  Department  of 
Agriculture.  He  was  replaced  in  March  1927  by  A. 
E.  (Wack)  Wackerman,  who  was  a  forestry 
graduate  of  the  University  of  Minnesota  and  of 
Yale  University  (fig.  4).  According  to  Wack,  ho 


Figure  4.- A.  E.  (Wack)  Wackerman,  second  forester  for  the 
Crossett  Lumber  Co.  Wack  had  much  to  do  with 
the  successful  adoption  of  forest  management  for 
the  Company's  stands. 


o  work  under  the  general  direction  of  Prof. 
.  C.  Bryant  of  Yale  University,  who  had  been 
employed  as  consultant  in  forestry  matters  by  the 
Crossett  Company.  He  was  to  correlate  his  work 
with  Levi  Wilcoxon,  who  at  the  time  was  logging 
superintendent.  Levi  had  foreseen  the  need  for  fire 
protection  on  company  timberlands  and  had  built 
five  firetowers  in  strategic  locations  on  Company 
lands.  These  had  been  connected  with  a  telephone 
system.  Wack  reported  that  the  towers  were  "in, 
but  not  working  because  no  one  had  ever  had 
experience  or  training  in  fire  protection  before." 
Thus,  one  of  his  first  major  jobs  was  to  set  up  a 
fire  protection  system  and  to  get  it  working.  His 
second  big  assignment  was  to  carry  out  a  cruise  of 
two  of  the  blocks  of  older  cutover  lands  to 
determine:  (1)  the  amount  of  second -growth  pine 
and  hardwood  present,  (2)  growth  and  mortality, 
and  (3)  the  amount  of  virgin  timber  remaining. 
He  would  then  prepare  possible  management  and 
cutting  plans. 


THE  U.S.  FOREST  SERVICE 
COMES  TO  CROSSETT 


When  I  joined  the  Southern  Forest  Ex- 
periment Station  in  July,  1930,  fresh  out  of  the 
University  of  Michigan  School  of  Forestry,  many 
of  the  large  southern  mills  had  closed  and  more 
were  closing  every  month.  The  production  of 
lumber  had  been  largely  taken  over  by  small, 
"peckerwood"  mills  that  could  be  easily  moved 
from  place  to  place,  and  logging  could  be  done  by 
two  or  three  pairs  of  mules  or  horses.  It  was 
agreed  almost  universally  that  the  South  would 
soon  be  out  of  the  large  volume,  large-sawmill 
business,  and  few  had  any  idea  as  to  what  would, 
or  should,  happen  to  the  "cutovers." 

Because  of  this  situation,  the  Southern 
Station's  economics  division,  to  which  I  was 
assigned,  was  devoting  most  of  its  time  to  "Forest 
Economics  Studies."  The  objective  was  to  in- 
ventory the  timber  and  timberland  in  a  county, 
determine  the  growth  possibilities,  estimate  the 
amount  of  abandoned  farmland  that  could  be 
planted  to  trees,  assess  the  volume  of  forest 
products  still  being  produced,  and  approximate 
when  the  remaining  sawmills  and  other  wood- 
using  plants  would  run  out  of  raw  material  and 
have  to  close. 


The  Station  also  felt  that  one  of  its  maij 
thrusts  should  be  to  attempt  to  help  save  as  man1 
of  the  forest  industry  operations  as  possible.  Thi 
included  cooperative  agreements  with  industrie 
to  help  inventory  various  company  forests  (whei 
invited  to  do  so);  to  help  work  out  managemen 
plans;  to  do  mill-scale  and  other  research  studies 
and  to  determine  what  kind  of  logs  could  bi 
profitably  handled  by  the  existing  utilizatioi 
plants.  These  agreements  were  called  "Casi 
Studies."  It  was  felt  that  results  from  one  studj 
could  be  used  by  other  companies  or  timberlanc 
owners  with  similar  type  stands  and  problems 

The  first  Case  Study  was  with  the  Ozark 
Badger  Lumber  Company  at  Wilmar,  Arkansas 
Information  was  gathered  on  volumes  of  mer 
chantable  pine  and  hardwood  per  acre  and  dat< 
needed  for  local  volume  tables  were  compiled 
Information  on  annual  growth  and  mortality  wen 
computed.  Most  important,  a  plan  of  managemem 
was  suggested  that  would  allow  a  harvest  of  logs 
for  the  company  sawmill,  at  the  same  time  thai  j 
the  growing  stock  on  the  company's  forests  woulc 
be  gradually  improved  and  increased.  The  ob 
jective  was  to  help  show  how  it  might  be  possibli 
for  this  company  not  only  to  stay  in  business  bur 
to  increase  the  production  of  logs,  lumber,  anc -i 
other  products  on  a  sustained  yield  basis. 

Field  work  on  the  Ozark-Badger  case  study 
undertaken  during  the  period  of  April  27  to  Maj 
20,  1932,  was  largely  performed  by  Art  Spiller:!: 
and   myself.    Assistance   was    given   by   Jamei 
Daniels,  who  was  mill  and  logging  superintenden  ' 
of  Ozark-Badger,  and  by  L.  K.  Pomeroy,  co-owne 
of  the  company,  who  was  later  to  become  famoui 
as  a  timberland  owner  and  forestry  consultant 
Overall  supervision  of  the  work  was  by  I.  F  j 
Eldridge,  head  of  the  economics  division  staff. 

Meanwhile,  effects  of  the  great  depression  thai 
started  in  1929  were  being  felt  by  the  southen  • 
pine  lumber  industry  generally.  Both  price  anc 
demand    for   lumber    dropped    alarmingly.   Thi 
Crossett  Lumber  Company,  among  many,  movec 
to  meet  the  challenge  to  their  existence  by  cutting 
costs    drastically,    including    salaries    of    theii 
forestry  personnel,  by  50  percent.  This  did  noi 
stop  the  balance  sheet  from  showing  red  ink,  anc 
in  desperation   the   Company   management  cui  j 
some  salaries,  including  Forester  Wackerman's  j 
by  another  50  percent  a  year  later. 

After  such  drastic  reductions  in  salary 
Wackerman  was  more  than  willing  to  accept  ai 
offer  of  employment  on  the  staff  of  the  Southen  i 


Station,  and  he  was  assigned  to  the  economics 
livision.  He  made  the  transfer  early  in  1933  and 
/as  headquartered  in  New  Orleans. 

Wackerman's  previous  inventories  of  the  older 
econd-growth  stands  at  Crossett  had  indicated 
hat  the  Company  might  be  able  to  continue 
awmill  operations  on  a  reduced  scale  if  it  made 
bme  radical  changes  in  operating  policy.  Because 
imber  from  fast  growing  second-growth  shor- 
eaf-loblolly  pine  was  not  readily  saleable, 
j/ackerman  had  thought  that  Crossett  might 
|stretch  out"  the  cut  of  the  last  25,000  acres  of 
irgin,  culled  virgin,  and  advance  second-growth 
mber.  They  could  then  have,  for  several  years, 
p>me  "cream"  high-grade  lumber  from  the  virgin 
;ands  to  go  along  with  the  "skim-milk"  lumber 
om  the  second-growth. 

As  was  mentioned  earlier,  the  Forest  Service 
as  willing  and  anxious  to  assist  any  timberland 
ivner  who  was  interested  in  working  toward 
ustained  yield  production  of  forest  products.  And 
le  Crossett  Company  seemed  a  fine  example  of  a 
ipmpany  that  might  well  benefit  from  cooperation 
'lith  the  Government.  Thus  came  about  the 
licond  case  study  the  station  undertook  to  help 
]t"ivate  industry  attempt  to  move  into  the  entirely 
ipw  second-growth  forestry  or  forest  management 
jjld. 

The  Southern  Station  entered  into  a 
^operative  agreement  with  the  Crossett  Com- 
]iny,  under  which  the  station  would  provide 
ijchnical  personnel  to  mark  one  or  more  com- 
]krtments  of  the  remaining  25,000  acres  men- 
ipned  above,  known  as  the  "East  Block." 
i  Before  leaving  the  Crossett  Lumber  Company, 
^ackerman  had  cruised  this  East  Block  area,  had 
iade  a  growth  study,  and  had  prepared  volume 
ibles  for  the  virgin  and  advance  second-growth 
■ands.  He  had  determined  that,  if  the  25,000 
jres  was  divided  into  10  blocks  of  about  2,500 
pres  each,  one  block  could  be  cut  each  year  on  a 
ijht  selection  cutting  basis,  and  would  yield  from 
Ho  10  million  bd.  ft.  of  logs.  Growth  would  be 
nch  that  10  years  hence  the  merchantable  volume 
iDuld  have  grown  back  to  the  original  amount 
ad  another  cut  could  be  made. 
!  I  was  chosen  to  handle  this  marking  job  and  I 
irived,  with  my  wife  Geneva,  in  Crossett  on 
/jgust  13,  1933.  Field  work  started  immediately, 
i  preliminary  arrangements  had  been  made  to 
lie  five  boys  from  a  local  Civilian  Conservation 
(>rps  (CCC)  camp.  Because  this  was  the  first 
lrge-scale  marking  of  timber  on  a  selection  basis 


in  the  region,  we  decided  to  keep  more  detailed 
records  than  would  normally  be  required.  All  cut 
and  leave  trees  were  measured,  and  cut  trees  were 
marked  with  paint  at  the  time  of  measurement. 
The  record  was  by  one- inch  diameter  classes,  and 
the  tally  was  by  diameter  and  number  of  16-foot 
logs. 

It  might  be  of  interest  to  note  that  the  strictly 
virgin  timber  was  marked  to  a  guiding  diameter 
limit  of  24  inches  and  oldfield  timber  to  17  inches. 
These  limits  were  flexible,  however,  and  any  trees 
below  these  limits  were  marked  for  cutting  if 
defective  or  very  limby,  or  if  the  stand  needed 
thinning  in  a  particular  spot.  Fast  growing  and 
high-quality  trees  above  these  limits  were  left  to 
compensate  for  the  trees  below  the  limits  that 
were  taken.  Marking  of  the  first  unit  was  com- 
pleted November  10,  1933. 


THE  BEGINNING  OF  SELECTIVE 
CUTTING  AND  MANAGEMENT 


As  the  end  of  the  virgin  timber  approached 
throughout  the  region,  nearly  all  concerned  with 
logging  agreed  that  railroads  just  could  not  be 
used  for  logging  the  second -growth  stands.  At 
least  2,500  bd.  ft.  (Doyle)  of  logs  of  good  size 
would  have  to  be  cut  per  acre  to  make  it  pay.  The 
relatively  small  size  of  the  second-growth  logs 
would  cause  the  costs  per  thousand  board  feet  to 
soar.  Furthermore,  only  a  few  of  the  trees  in  the 
many-diametered,  natural  second-growth  stands 
were  large  enough  to  cut  for  logs.  Seemingly,  what 
was  needed  was  a  system  of  stand  management 
and  harvesting  that  would  allow  light  cuts  per 
acre  and,  at  the  same  time,  permit  the  remaining 
trees  to  develop  into  merchantable  sizes.  This 
pointed  to  the  need  for  trucks. 

Although  they  were  very  crude  compared  to 
today's  models,  a  few  trucks  were  being  used  by  a 
few  small  mills.  Could  trucks  be  depended  upon  to 
produce  a  reasonable  volume  of  logs  for  the  large 
mills?  And  could  such  transportation  be  used  for 
light  harvests  in  second -growth  stands? 

The  Southern  Station  was  interested  in  this 
problem  because  it  was  a  common  one  for  nearly 
all  mills  in  the  South  in  the  early  1930's,  but  the 
station  had  no  funds  for  undertaking  such  a 
study.  I  was  encouraged  to  apply  for  cooperative 
funds  from  the  Charles  Lathrop  Pack  Foundation 


V 


"w^tes^ 


Figure  5.- A  truckload  of  pine  logs  produced  on  the  Charles  Lathrop  Pack  Selective  Logging  Study  area  near  Fountain  Hill,  Ark. 
Note  the  32  in.  x  6  in.  high  pressure  tires  and  the  team  of  horses  hitched  to  the  front  of  the  truck  to  help  it  out  of  the 
woods.  CCC  crewman  was  keeping  records  on  volume  per  load  and  time  required  for  loading  and  hauling. 


for  a  "Selective  Logging  Study,"  which  was 
approved  in  the  late  summer  of  1934.  Second- 
growth  natural  shortleaf-loblolly  pine-hardwood 
stands  owned  by  the  Crossett  Lumber  Company 
were  used  for  the  study.  The  objective  was  to 
selectively  log  blocks  of  timber  that  had  been 
marked  for  the  removal  of  various  volumes  of  pine 
and  hardwoods,  and  determine  the  costs  of  felling, 
skidding,  loading,  hauling,  and  sawmilling. 

The  selected  area  was  located  about  5  miles 
southwest  of  Fountain  Hill,  Arkansas.  Work  on 
survey  of  block  boundary  lines  and  inventory  of 
stands  began  September  5,  1934. 

The  trucks  were  gasoline  powered  and  were 
used  in  combination  with  small  two-wheel  trailers 
(fig.  5).  Both  truck  and  trailer  were  equipped  with 
32  in.  x  6  in.,  high-pressure  tires.  Loading  was 
cross-haul  with  horses. 

On  November  5,  1934,  with  help  from  our  five- 
man  CCC  crew,  I  began  marking  trees  in  the  first 
block  to  be  logged  near  Fountain  Hill.  To  learn 
time-study  techniques  and  work  out  procedure 
problems,  we  chose  a  fairly  old  "oldfield"  stand 
that  was  marked  for  a  rigid  17- inch  diameter  limit 
harvest. 

Trees  and  logs  were  cut  with  cross-cut  saws, 


skidded  a  short  distance  to  truck-loading  points  r 
by  horses  and  loaded  by  horse  cross-haul  onto 
trucks.  They  were  then  transported  to  a  large  log 
storage  area  on  the  company's  A.D.&N.  Railroad 
(Ashley-Drew  and  Northern  Railroad,  locally 
known  as  the  "All-Day  And  Night  Line"  because 
it  usually  took  all  day  and  part  of  the  night  for  the 
train  to  make  a  round  trip  from  Crossett  to 
Monticello,  Arkansas,  a  distance  of  45  miles)  (fig. 
6). 

As  soon  as  all  the  logs— they  had  to  be 
produced  in  1934  before  the  winter  rainy  season 
started— had  been  cut  they  were  loaded  on 
railroad  log  cars  and  transported  to  the  mills  in 
Crossett  for  mill  cost  and  lumber  out-turn  studies. 

Each  log  was  marked  with  tree  and  log  number 
and  time  cost  studies  were  made  of  each  stage  of 
the  operation.  Lumber  out-turn,  grade,  and  value 
were  computed  for  each  log  and  each  tree.  Thus,  it 
was  possible— after  the  field  work  and  sawmilling 
were  completed  in  1935— to  summarize  costs  and 
returns  for  trees  of  various  sizes  and  for  the 
amount  cut  per  acre  from  the  various  test  plots. 

On  October  1,  1935,  field  work  on  the  main 
part  of  the  study  got  underway.  On  this  portion 
we  planned  to  cut,  on  an  improvement  selection 


asis,  about  2,000  bd.  ft.  (Doyle)  of  pine  and 
,000  bd.  ft.  of  hardwood  per  acre  from  40  acres; 
,000  bd.  ft.  of  pine  only  per  acre  from  80  acres, 
nd  500  bd.  ft.  of  pine  only  per  acre  from  80  acres, 
ill  logs  would  be  numbered  and  handled  as 
efore,  and  time  studies  of  all  phases  of  the 
peration  would  also  be  made  as  before. 

The  field  work  was  completed  November  25, 
1936.  Although  the  analysis  of  the  mass  of  in- 
ormation  obtained  and  the  final  report  would  not 
je  completed  for  about  2  years,  much  very 
aluable  information  was  available.  Since  this  was 
he  first  study  of  its  type  in  the  country,  the 
emand  was  great  for  tables,  data,  and  articles  of 
11  types.  Among  these  was  a  local  volume  table 
)r  second -growth,  natural  shortleaf-loblolly  pine 
y  d.b.h.  and  log  length.  This  was  probably  the 
xst  such  table  for  the  South.  A  local  board-foot 
olume  table  for  second-growth  upland- 
ardwoods  was  also  produced.  Data  on  yield  by 
rade  of  lumber  obtained  from  the  second-growth 
rees  and  logs  of  various  sizes  were  in  great 
emand.  Data  on  cutting,  skidding,  loading,  and 
auling  costs  for  second-growth  shortleaf  and 
)blolly  pine  stands  cut  on  a  selection  basis  were 
lso  of  great  interest  to  many  foresters  and 
imberland  owners  interested  in  future  forestry 
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igure  6.  -  Crossett  Lumber  Co.  log  train  with  a  load  of  second 
growth  shortleaf-loblolly  pine  and  hardwood  logs 
from  the  Pack  Selective  Logging  Study. 
(FS350903). 


ventures.  Many  special  compilations  of  data  were 
made  for  many  people  and  several  articles  on  the 
general  subject  of  "Good  Lumber  From  Second- 
Growth  Southern  Pine"  and  "Good  Forestry  is 
Good  Business"  were  written.  And  at  the  same 
time,  we  were  covered  up  with  visitors  who  were 
interested  in  details  of  the  method  of  timber  in- 
ventory, determination  of  allowable  cut,  and 
marking  procedures  for  second-growth  pine 
stands  to  be  managed  under  the  selection  basis. 
The  final  report  on  the  Pack  study  found  that 
small  logs  (8-inch  to  10-inch  top  diameter  and  up 
to  18  feet  long)  of  all  grades  and  #3  and  #4  logs 
(rough  and  knotty)  of  up  to  16-inch  top  diameter 
were  costing  a  company  (such  as  Crossett)  much 
more  than  they  were  realizing  from  the  lumber 
produced  therefrom.  The  study  also  indicated 
that,  if  the  logs  were  of  reasonable  size  and  grade, 
it  would  be  profitable  to  selectively  log  as  little  as 
750  bd.  ft.  (Doyle)  per  acre.  Further,  if  dense 
spots  of  small  trees  were  thinned  for  pulpwood 
and  most  of  the  hardwoods  about  4  inches  and 
larger  could  be  removed  for  logs,  or  acidwood,  or 
were  girdled,  the  lightly  stocked  second-growth 
stands  could  be  put  into  fine  shape  for  future 
management  and  growth. 


THE  CROSSETT  RESEARCH  CENTER 
AND  EXPERIMENTAL  FOREST 


Before  the  marking  of  the  first  unit  of  the  East 
Block  was  completed  in  1933,  the  Crossett 
Lumber  Company  offered  the  Forest  Service  an 
area  of  about  three  sections  of  second-growth 
timberland  to  be  used  as  an  Experimental  Forest 
and  Research  Center.  Location  could  be  anywhere 
on  the  company's  holdings.  So  my  notes  for 
Friday,  September  29,  1933,  say,  "Began  looking 
over  timberland  for  a  proposed  Experimental 
Forest."  Wackerman  joined  in  this  search  on 
October  14  and  15.  And,  starting  on  October  18, 
1933,  Director  Demmon  of  the  Southern  Station 
looked  over  some  of  the  possible  areas  (fig.  7) . 

After  final  decision  on  the  Experimental 
Forest  location  was  made,  first  work  of  running 
out  boundary  lines  was  started  on  October  21, 
1933.  Before  this,  the  Southern  Station  had 
carried  on  old-field  pine  growth  and  yield  studies 
in  cooperation  with  the  Urania  Lumber  Company 


Figure  7.-E.  L.  Demmon,  Director  of  the 
Southern  Forest  Experiment  Sta- 
tion at  the  time  that  the  Crossett 
Research  Center  was   established. 

at  Urania,  Louisiana,  and  considerable  work  on 
planting  and  spacing  of  southern  pine  at 
Bogalusa,  Louisiana,  in  cooperation  with  the 
Great  Southern  Lumber  Company.  The  station 
also  had  research  on  naval  stores  production  and 
problems  underway  at  Lake  City,  Florida.  But  the 
Crossett  Research  Center  was  to  be  the  first  U.S. 
Forest  Service  branch  research  station  in  the 
South. 

The  area  to  be  developed  into  the  Crossett 
Experimental  Forest  contained  mainly  natural 
stands  of  shortleaf  and  loblolly  pine  that  had 
developed  unaided  since  the  virgin  timber  had 
been  cut  to  a  14-inch  stump  diameter  limit  in 
1915.  Stocking  varied  greatly  from  acre  to  acre 
from  none  to  perhaps  5,600  bd.  ft.  (Doyle).  Since 
little  or  no  hardwoods  had  been  cut  at  the  time  of 
the  virgin-timber  removal,  nearly  every  acre  had 
hardwoods  ranging  in  size  from  new  reproduction 
up  to  trees  that  were  24  inches  in  diameter.  Many 
of  the  big  hardwoods  were  post  oak  that  had  been 
in  the  virgin  stands. 

The  Crossett  Lumber  Company  gave  the 
Forest  Service  1680  acres  of  timberland  outright. 
They  reserved  the  timber  but  offered  the 
Government  a  deal:  if  the  station  should  return  to 


the  company  in  20  years  a  volume  of  timber  equal 
to  the  volume  on  the  area  at  the  time  of  the 
agreement,  the  land  and  the  remaining  timber 
would  become  the  property  of  the  Government. 

By  the  end  of  1933,  it  was  agreed  by  the 
Director  of  the  Southern  Station  that:  (1)  much  of 
the  early  research  would  be  on  ways  and  means  of 
improving  and  rebuilding  the  previously  un- 
managed  second-growth  stands,  (2)  the  economics 
branch  of  the  station  would,  working  under  the 
station  director,  have  general  control  of 
development  of  the  research  facility,  and  (3)  the 
day  to  day  development  and  operation  of  the 
branch  station  would  be  under  my  direction. 

We  soon  agreed  that,  to  have  good  fire 
protection  for  the  area  as  well  as  provide  ready 
access  for  research  purposes,  roads  should  criss- 
cross the  area  at  about  half-mile  intervals.  To  do 
this  without  funds  was  the  trick. 

At  the  end  of  1933,  work  projects  were  being 
organized  by  the  Government  in  order  to  give 
employment  to  some  of  the  unemployed  in  the 
area  around  Crossett.  The  station  applied  for  a 
Civilian  Work  Project  (C.W.P.)  for  the  road  work, 
and  this  was  approved  December  16,  1933.  Mr. 
Wilcoxon,  logging  superintendent  of  the  Crossett 
Lumber  Company,  offered  us  three  of  his  logging 
camp  supervisory  force  and  Ike  Rawls,  one  of  the 
camp  log  scalers  who  was  to  become  timekeeper, 
scaler,  and  in  charge  of  tools.  Ike  soon  became  my 
valued  assistant,  and  he  helped  on  the  installation 


Figure  8.- First  building  of  the  Crossett  Experimental  Forest 
and  Research  Center.  Building  was  used  as  tool 
shed  and  office  until  permanent  office  and  other 
buildings  were  constructed.  Building  was  built  in 
December  1933.  Russ  Reynolds  shown  by  building. 


nearly  every  research  study  over  the  next  40 

;ars. 
We  began  building   a   temporary   shed   and 

fice  on  December  22,  1933,  and  started  sur- 
ging and  staking  road  lines  (fig.  8).  Also  a 
pique  feature  of  the  road  construction  was  that 
b  machinery  was  available  for  the  job  — and  none 
ms  wanted  by  the  C.W.P.  officials.  The  objective 
las  to  make  use  of  the  maximum  amount  of 
janpower.  Thus  we  planned  to  build  the  roads 
•litirely  by  hand— with  shovels,  picks,  and  axes, 
loads  were  built  20  feet  wide  from  ditch  to  ditch, 
^e  cut  trees  in  the  right-of-way  flush  with  the 
jound  and  threw  dirt  dug  from  the  ditches 
iward  the  center  of  the  roadway  in  order  to  cover 
ij)  the  stumps  (fig.  9). 

j  Men  were  selected  from  relief  rolls  from  the 
lossett  area  and  from  as  far  away  as  Stillion  on 
te  Saline  River,  where  the  closing  of  a  mill  had 


stranded  several  families.  Conditions  were  so 
serious  that  the  Stillion  group  had  to  walk  8  miles 
down  the  Rock  Island  railroad  to  Crossett  each 
morning,  leaving  Stillion  at  about  4  a.m.  We 
would  pick  them  up  at  the  Crossett  Filling  Station 
at  7  a.m.  each  day.  The  men  would  put  in  a  10- 
hour  day.  Then  we  transported  them  back  to 
Crossett,  and  they  walked  the  eight  miles  back  to 
Stillion.  They  would  arrive  at  Stillion  at  about  9 
p.m.  Here  their  families  would  have  some  eats 
ready  for  them.  They  would  later  fall  exhausted 
into  bed.  Their  wives  would  awaken  them  at  3 
a.m.  and  they  would  start  another  long  day.  For 
all  of  this  the  men  were  paid  $1.25  per  day  for  a  4- 
day  week. 

Among  the  Stillion  group  was  a  black  man  by 
the  name  of  Jasper  Burns,  who  had  a  stiff  leg 
caused  by  a  mill  injury  to  his  knee.  But  stiff  leg 
and  all,  Jasper  made  the  long  walk  twice  a  day  in 


I'.ure  9.- Start  of  road  construction  on  the  Crossett  Experimental  Forest.  Road  cutting  across  picture  in  immediate  foreground 
was  the  Crossett,  Ark. -Bastrop,  La.  highway. 
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order  to  stay  alive.  Jasper  became  a  valuable 
permanent  member  of  the  Crossett  Research  staff 
and  worked  for  the  Government  until  his 
retirement  many  years  later. 

Word  that  the  Crossett  Lumber  Company  was 
considering  selection  cutting  of  their  last 
remaining  virgin  and  advanced  second-growth 
stands,  and  that  the  Southern  Station  had 
marked  the  first  2,500  acres  for  partial  cutting 
spread  throughout  the  country.  Visitors  by  the 
dozens  began  visiting  Crossett  to  see  the  first 
large-scale  marking  of  timber  on  a  selection  basis, 
and  to  see  development  of  the  proposed  Forest 
Research  Center.  My  diary  for  May  26,  1934, 
reads  as  follows: 

"Went  to  Collingston,  Louisiana,  to  pick  up 
Mr.  Demmon  (Director  of  the  Southern  Station) 
and  Mr.  Watzek  (one  of  the  owners  of  the  Crossett 
Lumber  Company) .  Talked  over  future  plans  with 
Mr.  Demmon  in  a.m.  In  p.m.  with  Mr.  Silcox 


■ 
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Figure  10. -A.  G.  (Jake)  Jacobson,  the  Crossett  Lumber 
Company's  fourth  Chief  Forester,  was  respon- 
sible for  establishment  of  the  district  forestry 
system  and  for  getting  the  Company  through 
many  rough  times  — when  they  were  attempting 
to  change  from  virgin  timber  to  second-growth 
management  and  harvesting. 


(Chief  of  the  U.S.  Forest  Service),  Mr.  Demmon, 
Mr.  Kircher  (Regional  Rorester  R-8),  Mr. 
Watzek,  Mr.  Bryant  (Prof,  of  Forest  Utilization 
at  Yale  University  and  consultant  to  the  Crossett 
Lumber  Company),  Mr.  Trieschman  (Member  of 
Crossett's  Board  of  Directors),  Mr.  Sonderegger 
(State  Forester  of  Louisiana),  and  Mr.  Gillett 
(State  Forester  of  Arkansas),  showing  them  the 


East  Block  selection  marking,  and  the  work   A 
the  Experimental  Forest." 

And  the  diary  for  Wednesday,  July  18,  19c  1 
reads:  "With  Wackerman  and  a  Mr.  McGovu 
(Julian)  of  the  W.  T.  Smith  Lumber  Company  i  ] 
Chapman,  Alabama)  whose  company  is  thinki  ; 
of  practicing  sustained  yield  on  their  operations 

But  some  of  the  Crossett  officials  still  were  e  } 
satisfied  that  the  second-growth  pine  stands  th  ;' 
proposed  to  log  (along  with  the  selectively  mark 
virgin  timber)   had  enough  volume  per  acre 
permit  railroad  logging.  They,  therefore,  ask  i 
the  Forest  Service  to  assist  in  updating  the  sta 
and  growth  figures  for  their   146,000  acres 
second-growth    in    the    so-called   NE    and    N ' 
Blocks,  located  north  of  Hamburg  and  south  ; 
Monticello.   They  also   asked   us   to   propose 
management  and  selective  logging  plan  for  t 
area. 

Pete  Downey,  forester  for  the  company,  was 
be  in  charge  of  the  work.  However,  before  t 
evaluation  was  hardly  underway,  Down 
resigned  and  the  work  was  temporarily  halte 

The  company's  new  forester  arrived  the  fii'i 
week  of  November  1934.  He  was  Albin  G.  (Jat  • 
Jacobson,  a  University  of  Michigan  Forest; 
School  graduate  of  1929  (fig.  10).  He  was  ii: 
mediately  assigned  to  the  company's  cutover  la:!  i 
study. 

Early  in  1935,  the  stand  and  growth  data  h 
been  brought  up  to  date.  Average  pine  stand  r.  i 
acre  on  the  146,000  acres  was  as  follows: 

Volume  10"  d.b.h.  and  above  -  2,100  bd.   I 
Doyle  scale 

Volume  12"  d.b.h.  and  above  -  1,852  bd.   t 
Doyle  scale 

Volume  13"  d.b.h.  and  above  -  1,680  bd.  t 
Doyle  scale 

Volume  14"  d.b.h.  and  above  -  1,461  bd.  t 
Doyle  scale 

Volume  15"  d.b.h.  and  above  -  1,222  bd.  I 
Doyle  scale 

At  that  time,  we  determined  that  at  le£- 
2,500  bd.  ft.  (Doyle)  would  be  needed  to  make 
railroad  logging  operation  profitable.  The  size  : 
logs  that  would  be  needed  was  unknown  at  t ) 
time,  but  it  was  quite  obvious  that  logs  produc  i 
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'igure  11.-  Original  office  building  at  the  Crossett  Research  Center  Headquarters  located  about  8  miles  south  of  Crossett,  Ark., 
on  the  Crossett-Bastrop  highway.  Photo  made  in  summer  1935. 


rom  trees  10  to  12  inches  d.b.h.  would  be  very 
ostly,  especially  if  produced  under  a  railroad 
peration. 

To  put  it  mildly,  the  company  had  doubts 
bout  the  future  of  the  sawmill  business  at 
Crossett.  To  attempt  to  make  a  go  of  it,  they  had 
greed  to  a  proposal  to  reduce  their  pine  lumber 
iroduction. 


MEANWHILE— BACK  AT  THE 
FUTURE  RESEARCH  CENTER 


Meanwhile,  progress  was  being  made  at  the 
Jture  Research  Center,  but  under  considerable 
ifficulty.  Nearly  all  of  the  Southern  Station  staff 
/ere  in  favor  of  developing  a  headquarters  area 
nth  office  and  housing  for  some  of  the  technical 
nd     supervisory     force.     Also     needed     were 


telephones  and  electric  service,  additional  road 
construction,  graveling,  and  other  improvements. 
But  extremely  little  money  was  available  for 
doing  the  work.  By  present  day  standards,  when, 
with  not  too  much  effort,  funds  can  be  had  for  the 
building  and  equipping  of  a  laboratory  costing  a 
million  dollars,  it  seems  amazing  that  the  station 
could  only  find  funds  to  build  a  small  office  and  a 
small  pump  house.  These  were  board  and  batten 
buildings  with  rough  drop  siding  on  the  outside 
and  knotty  pine  paneling  on  the  inside.  The  office 
was  built  up  on  blocks  with  a  crawl  space  un- 
derneath. It  had  a  fireplace  and  a  small  bathroom. 
Construction  of  the  office  and  pumphouse  began 
in  August  1934  and  was  completed  in  about  3 
weeks,  at  a  total  cost  of  $2,400  (fig.  1 1) . 

On  September  24,  1934,  work  had  begun  on 
buildings  to  be  used  as  winter  quarters  by  the 
CCC  crew,  who  was  helping  on  a  100-percent 
inventory  of  timber  on  the  Experimental  Forest. 
Location  stakes  for  a  house,  a  filling  station,  and 
a  four- car  garage  were  set. 
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F'or  other  improvements,  we  had  to  scheme 
nd  beg  and  do  the  work  with  our  own  hands  (fig. 
12).  We  used  the  small  crew  of  CCC  boys  from  the 
Hamburg  camp,  not  only  to  make  the  100-percent 
inventory  of  trees  on  the  new  Experimental 
Forest,  but  to  help  survey  the  forty  and  com- 
partment lines  on  the  forest.  They  also  helped  drill 
a  water  well  at  the  headquarters  area,  and  cut 
brush  from  the  fire  lines  that  were  to  be  con- 
structed at  quarter-mile  intervals  throughout  the 
forest. 

By  the  end  of  1934,  much  of  the  13  miles  of 
pick-and-shovel-built  F.E.R.A.  (Federal 
Emergency  Relief  Administration)  roads  were 
completed,  and  some  of  them  had  received  a  thin 
layer  of  gravel  that  we  had  loaded  and  unloaded 
by  hand  from  a  gravel  pit  5  miles  away. 

The  F.E.R.A.  came  to  an  end,  but  it  was 
succeeded  by  the  W.P.A.  (Works  Progress 
Administration).  We  obtained  a  project  and  a 
small  allotment  of  funds  for  work  on  the  Ex- 
perimental Forest  on  July  29,  1935.  The  W.P.A. 
administration  allowed  us  to  "hire"  some  men 
with  carpentry,  log  construction,  and  other  skills, 
along  with  the  allotment  of  those  with  only 
common  laborer  experience.  The  W.P.A.  ad- 
ministration also  provided  us  with  a  small  amount 
of  money  to  purchase  needed  lumber,  nails,  and 
other  materials. 

Since  long  pine  poles  of  10  to  12  inches  butt 
diameter  and  with  a  little  taper  could  be  had  for 
$1.00  and  less  per  pole  (if  we  did  the  cutting, 
peeling,  and  hauling)  we  decided  to  construct  a 
custodian  cabin  and  bathhouse,  a  superin- 
tendent's house, a  forester's  residence,  a  four-car 
garage,  and  a  filling  station,  out  of  logs.  Rafters 
were  made  out  of  small,  round  pine  poles.  Roofs 
were  covered  with  cypress  shakes  produced  by  our 
crew  from  old,  generally  hollow,  cypress  trees 
given  to  us  by  the  Crossett  Lumber  Company. 
Pieces  of  2  x  4's  and  2  x  6's  were  set  against  the 
logs  on  the  inside  of  the  rooms  and  pieces  of 
knotty  pine  paneling  were  nailed  to  these.  Dried, 
dressed  #3  (knotty)  boards  were  obtained  for 
$17.50  per  M  bd.  ft.  If  such  boards  were  selected 
for  sound  knots,  the  price  was  $22.50  per  M  bd.  ft. 
And  if  each  side  of  the  board  was  bevelled  so  as  to 
produce  a  "V"  joint  when  construction  was 
completed,  the  cost  was  $27.50  per  M  bd.  ft.  (fig. 
13). 

In  those  days  power  tools  were  not  available, 
so   all   cutting   of  the   trees    and    logs    for   the 


buildings  had  to  be  accomplished  by  the  use  i  [ 
two-man  crosscut  saws  and  axes.  Fitting  of  tl ; 
logs  at  the  corners  of  the  buildings  had  to  be  dor  j 
by  trial  and  error  by  the  use  of  axes  and  larj; 
chisels.  Concrete  for  supporting  walls  and  cellan 
had  to  be  mixed  by  hand  in  4  x  8  feet  trough: , 
with  gravel  and  sand  loaded,  hauled,  and  screene  I 
by  our  crews  from  local  pits. 

Construction  of  the  various  log  building  i 
started  on  September  30,  1935,  and  was  large]' 
completed  by  the  middle  of  the  summer  of  193( , 
To  give  one  an  idea  about  "building  withoi; 
money,"  by  far  the  most  expensive  of  the  cor- 
struction  jobs  was  the  forester's  residence  (fig.  14  , 
This  was  a  50  x  58  feet  (inside  measurement)  r  ■ 
shaped  house  with  a  basement,  hot-water  heatin  \ 
system,  and  fine  hardwood  floors  in  most  room; , 
Total  cost  of  all  logs  for  the  house  was  $1C  i 
(standing  tree  value),  and  total  cost  of  the  how  \ 
was  less  than  $7,000,  including  labor.  Except  for  J 
small  amount  of  architectural  and  supervisor' 
help,  the  total  cost  of  all  these  original  lo; 
buildings  to  the  Southern  Station  was  only  a  fe ' 
hundred  dollars. 

As  this  construction  work  was  getting  ui 
derway  in  summer  1935,  the  director  of  thi 
Southern  Station,  the  division  chiefs,  and  some  ei 
the  research  personnel  had  a  final  meeting  1 1 
agree  on  the  assignment  of  research  study  area  i 
on  the  Experimental  Forest.  The  result  was  ths ; 
80  acres  was  to  be  left  untouched  as  a  "Natun  I 
Area";  30  acres  was  for  a  native  tree  Arboretui  i 
(fig.  15);  80  acres  was  for  farm  forestry  studies; 
280  acres  was  to  be  set  aside  for  small  plot,  "tec 
tube",  or  fundamental  studies;  880  acres  was  fcr 
large  compartment  studies;  and  330  acres  was  f( 
administrative  use  and  for  later  assignment. 


MORE  GROWING  PAINS 

The  winter  of  1934-35  was  not  unusually  coli , 
but  we  learned  that,  though  fireplaces  are  nice  1 3 
look  at,  they  are  not  exactly  the  way  to  heat  z  i 
office.  Especially  if  much  inside  work  is  to  1 1 
done.  So  we  talked  someone  into  providir; 
enough  money  for  a  small,  wood-  and  coa 
burning,  circulating,  gravity-flow,  hot-wab  r 
furnace.  The  only  thing  wrong  with  that  was  thi  t 
we  needed  a  cellar  for  it.  But  that  didn't  stop  u 
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Figure  12. -First  staff  of  Crossett  Experimental  Forest  in  March  1938. 
Left  to  right  they  are  A.  G.  Williams,  Edwin  Hughes, 
Lucille  Futhey,    and   Russ  Reynolds. 


Figure  13.-  Mid-construction  of  the  resident  forester's  building  at  the  Crossett  Research  Center. 
Is  it  likely  to  ever  make  a  house? 
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Some  of  us  began  acting  like  moles,  and  with 
short-handled  shovels  we  crawled  under  the  office 
and  started  digging  a  cellar  without  disturbing 
the  footings  of  the  building.  In  short  order  we  had 
our  forms  in  and  concrete  mixed  and  poured.  We 
bought  used  pipe  and  radiators  and,  before  the 
end  of  January,  we  had  lots  of  wonderful  heat. 

We  had  no  money  for  coal  to  fire  the  furnace, 
but  we  did  have  an  unlimited  supply  of  good 
hardwood  for  the  cutting.  So,  we  used  wood. 
Unfortunately,  though,  the  fire  had  to  be  stoked 
at  midnight  and  at  about  4  a.m.  if  we  were  to  have 
a  warm  building  when  it  was  time  for  the  office 
staff  to  go  to  work  in  the  morning.  As  the  boss,  I 
would  not  dare  ask  someone  else  to  do  the 
nighttime  stoking  of  the  furnace,  so  I  did  it  at  the 
same  time  that  I  fed  the  furnace  in  the  big  house. 
But  in  those  days  one  had  to  do  many  "extra" 
jobs  in  order  to  keep  the  project  going. 

There  was  no  problem  getting  all  the  female 
W.P.A.  help  we  needed  for  work  on  the  mass  of 
time-study  and  yield  data  collected  on  the  Pack 
Selective  Logging  Study— if  we  had  some  tables, 
chairs,  and  desks.  We  learned  that  the  Veterans 
Hospital  at  Alexandria  had  some  used  office 
furniture  that  they  were  willing  to  give  us.  To  this 
we  added  two  large  tables  that  we  built  from  glued 


sections  of  1  inch  x  IV2  inches  x  8  feet  red  oak 
white  oak,  and  post  oak.  These  were  massive  an< 
heavy  tables  but  beautiful  when  sanded 
smoothed,  and  finished  with  natural  varnish 
They  were  still  around  in  1970. 


THE  BEGINNING  OF  PARTIAL 
CUTTING  ON  CROSSETT  LANDS 

The  cutting  of  selectively  marked  virgu 
timber  in  the  Crossett  Company's  East  Blocl 
began  in  1935.  It  was  done  under  the  sam 
railroad  logging  system  as  was  used  when  thi 
virgin  timber  was  clearcut.  However,  with  th 
reduced  harvest  per  acre  the  costs  increased.  B; 
mid- 1935  the  company  had  also  started  som 
railroad  logging  of  its  second-growth  in  selectet 
stands.  Here,  too,  the  low  volumes  of  log 
available  per  acre  and  the  small  size  of  logs  causei 
production  costs  to  skyrocket. 

The  company  had  begun  making  contract 
with  a  few  log  contractors  for  the  cutting  0 
marked  timber  for  delivery  by  trucks  to  thi 
company's  East  Block  main  line  railroad  and  t( 
landings  on  the  A.D.&N.  Railroad  at  Monticello 
Lacy,  Fountain  Hill,  and  Pugh,  Arkansas. 


Figure  14.- The  completed  house  in  1937.  It  had  a  18  ft.  x  25  ft.  living  room,  a  16  ft.  x  18  ft. 
dining  room,  a  large  kitchen,  two  bedrooms  and  a  sleeping  porch,  a  bath,  a  laundry 
room,  and  a  cellar.   (FS  350851). 
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Figure  15-  Planting  tree  arboretum  on  the  Crossett  Experimental  Forest  during  the  spring  of 
1935.  Timber  stand  in  the  background  is  typical  of  the  unmanaged  second-growth 
stands  that  were  present  on  the  forest  when  research  began  in  1935. 


THE  FIRST  USE  OF 
TRACTORS  FOR  SKIDDING 


Until  this  time,  all  skidding  of  logs  at  Crossett 
nd  in  the  region  was  accomplished  with  the  use  of 

f>rses,  mules,  and  oxen.  Between  late  spring  and 
te  fall  it  was  usually  possible  for  trucks  to  drive 
irectly  to  the  logs  in  the  woods,  so  the  teams 
nly  had  to  bunch  one  or  more  loads  in  a  spot.  In 
ret  weather,  however,  trucks  had  to  stay  on  the 
ery  few  hard  surface  roads,  and  skidding  had  to 
to  these  roads.  With  railroad  logging  where 
ere  were  logs  of  up  to  500  bd.  ft.  each,  skidding 
n  average  one-eighth  of  a  mile  was  a  real 
roblem,  any  time  of  the  year,  even  though  two- 
heel  "bummers"  were  used  to  carry  the  front  end 
f  the  logs.  During  long  periods  of  wet  winter 
eather  it  was  almost  an  impossibility.  Tractors 
)r  use  in  skidding  logs  in  the  woods  were  unheard 

At  this  time  the  Caterpillar  Tractor  Company 
ad  crawler  tractors  that  were  sold  for  use  around 
uilding  projects.  Since  the  log  skidding  problem 


was  a  universal  one,  it  was  thought  that  tractors 
of  this  type  might  be  used  for  winter  logging  and, 
in  fact,  anywhere  that  skidding  distances  were 
long  at  any  time  of  year.  Consequently,  after 
several  conferences  and  planning  sessions,  we 
decided  to  undertake  a  tractor  skidding  study  in 
the  East  Block  area,  where  logs  would  be  skidded 
to  a  railroad  landing.  It  was  a  time  and  cost  study 
to  determine  the  number  and  volume  of  logs  of  the 
different  sizes  that  the  tractors  could  carry  per 
trip.  We  also  computed  the  cost  per  M  bd.  ft.  for 
different  distances  of  up  to  a  half-mile.  The  study 
got  underway  in  the  spring  of  1936  with  Robert 
Worthington  of  the  Southern  Forest  Experiment 
Station  in  charge.  He  used  a  crew  of  CCC  boys  to 
collect  the  necessary  time  and  volume  data. 

The  first  of  April  was  the  date  chosen  for  the 
start  of  the  study  since  this  is  the  time  of  the  year 
when  soil  conditions  are  less  firm  and  skidding  of 
logs  the  most  difficult.  However,  April  1936 
happened  to  be  one  of  these  rare  spring  months 
when  ground  conditions  were  good  and  there  was 
very  little  rain.  Nevertheless,  the  study  was 
undertaken  as  planned. 
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Relatively  small  RD-4  tractors  were  the  first 
ones  tested.  It  soon  became  apparent  that,  under 
dry  conditions  and  for  short  distances,  teams  of 
horses  or  mules  could  skid  logs  at  a  cheaper  rate 
than  the  tractors.  It  was  also  true  that,  for 
distances  greater  than  about  400  feet,  tractor 
skidding  cost  per  M  bd.  ft.  increased  sharply  with 
distance.  This  seemed  to  be  true  largely  because 
the  small  tractors  could  not  carry  enough  volume 
of  standard  length  (12-20  foot)  logs. 

In  an  attempt  to  solve  this  problem  it  was 
decided  to  produce  long  logs  (24  feet  to  tree 
length)  with  the  stems  bucked  to  regular  length  at 
the  concentration  point  (or  landing)  next  to  the 
Company  railroad.  This  reduced  costs  somewhat 
but  not  nearly  enough. 

Next,  it  seemed  that  larger  tractors  might  be 
desirable  and  cheaper,  per  M  bd.  ft.,  because  of 
their  greater  power.  So  two  tractors,  an  RD-6  and 
an  RD-7,  were  shipped  in  for  study.  They  could 
and  did  pull  a  much  larger  load  of  tree  length  logs, 
especially  when  skidding  pans  or  arches  were  used 
to  carry  the  front  end  of  the  logs  off  the  ground. 

Another  important  finding  was  that  the 
skidding  cost  varied  with  the  size  of  the  average 
tree  or  log,  partly  because  of  the  volume  of  the 
average  load  that  could  be  carried  and  partly 


because  of  the  extra  time  required  to  assemble 
load  of  small  logs. 

Finally,  we  found  that  under  no  set  of  cor 
ditions   could   the  tractors   tested   skid    logs 
distance  of  one  half  mile  or  more  at  an  acceptab]  i 
cost. 

Later  studies  under  winter  or  wet  weathe1 
conditions,  when  soil  moisture  was  high,  ir 
dicated  that  tractors  could  be  depended  upon  t 
move  logs  from  stump  to  loading  point  when  tear 
skidding  was  impossible.  Also,  tractors  could  b 
stuck  and  almost  buried  on  certain  soils,  requirin 
much  loss  of  production  while  they  were  being  du 
out.  Nevertheless,  tractors  were  in  the  woods  t 
stay. 


A  FULL-BLOWN  CRISIS  DEVELOPS 


While  all  these  projects  and  studies  wer  j 
underway,  a  full-blown  crisis  developed  at  th  | 
Crossett  Lumber  Company.  The  Company  wa  | 
still  operating  in  the  "red"  at  the  end  of  1935,  am 
Company  directors  told  Mr.  Arnold  (the  genen  > 
manager)  that,  unless  he  could  get  the  Compan  1 


Figure  16. 


Ouachita  River  bottomland  in  July  1937.  This  is  a  typical  virgin  hardwood  stand 
of  Tensas  Delta  country  of  Arkansas  and  Louisiana,  overmature  and  defective. 
(FS350894). 
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perating  profitably  before  the  year  was  out,  the 
irectors  would  have  to  change  managers— and 
erhaps  some  other  personnel. 

Mr.  Arnold  in  turn  called  in  Albin  Jacobson 
nd  said,  "you  damn  foresters  got  us  into  this 
less,  now  you  had  better  get  us  out."  Jacobson 
ad  a  good  idea  as  to  what  the  trouble  might  be, 
ut  he  asked  the  Director  of  the  Southern  Station 
>r  help  in  solving  the  problems.  The  Director 
rdered  "all  steam  ahead."  Because  it  was  a 
ardwood  log  utilization  problem  as  well  as  a  pine 
ig  problem,  the  Director  asked  John  Putnam, 
ardwood  expert  for  the  Station,  and  myself  to 
ssist  Jacobson. 

First,  the  hardwood  utilization  problem  was 
ickled.  The  company  had  some  years  earlier, 
urchased  a  considerable  acreage  of  virgin 
uachita  River  bottom  hardwood  land  located  in 
le  flood  plain  adjacent  to  and  east  of  the  river 
jig.  16).  The  site  was  quite  poor.  Most  of  the 
alume  was  overcup  oak,  and  the  trees,  although 
:  good  size,  contained  only  about  IV2  logs  per  tree, 
[ineral  stain  was  quite  common  in  the  wood.  The 
)mpany  had  overestimated  the  volume  and 
uality  present  on  the  area,  and  was  attempting 
>  make  up  for  this  by  cutting  and  sawmilling 
kany  logs  of  doubtful  value. 
I  Based  on  Putnam's  knowledge  of  quality 
^elds  of  lumber  to  be  had  from  logs  of  various 
Jzes  and  grades,  and  on  observation  of  grade 
ields  in  the  mill,  a  considerable  volume  of 
uachita  River  bottom  logs  that  were  banked 
long  the  company's  logging  railroad  were 
assified  into  three  grades.  Class  1  logs  were 
lose  that  obviously  would  be  profitable  to  log 
id  mill.  Class  3  logs  were  those  that  obviously 
ere  unprofitable  because  of  rot,  large  knots, 
nail  size,  and  other  reasons.  Class  2  logs  were 
lose  that  were  questionable  as  to  profitability. 

Many  logs  from  each  class  were  sawmilled, 
id  we  recorded  the  lumber  volume  and  grade. 
le  also  recorded  the  sawmill  time  per  M  bd.  ft.  of 
imber  yield.  We  determined  logging  and  milling 
)sts  for  logs  of  each  class  and  subtracted  this 
nount  from  the  green  chain  value  of  the  lumber, 
he  end  product  was  a  figure  representing  net 
iturn  per  M  bd.  ft. 

From  the  above  study,  we  determined  that  the 
impany  was  making  a  good  profit  on  the  Class  1 
gs.  It  was  breaking  even  or  making  a  small 
rofit  on  most  of  the  Class  2  logs,  but  it  was 
sing  so  much  money  on  the  Class  3  logs  that  the 
hole  operation  was  unprofitable. 


The  problem  was  solved  by  the  establishment 
of  hardwood  utilization  standards  for  log 
production.  Logs  of  various  species,  or  species 
groups,  had  to  have  a  certain  size  and  log  grade 
before  they  would  be  cut  and  brought  out  of  the 
woods.  The  hardwood  logging  and  milling  was 
apparently  never  a  very  profitable  operation,  but 
this  study  and  follow-up  put  it  into  the  black. 

After  a  short  review  of  the  pine  operation,  it 
appeared  that  the  red  ink  in  the  financial 
statement  was,  like  the  hardwood  problem, 
largely  the  result  of  too  many  unprofitable  logs 
being  brought  into  the  sawmill.  To  try  and 
produce  the  large  volume  of  logs  necessary  to  keep 
the  two  large  mills  running,  the  woods  division 
was  scratching  for  all  the  logs  they  could  get.  In 
marking  of  the  East  Block  virgin  timber,  trees 
with  heartrot  and  others  that  were  very  limby  and 
low  grade,  along  with  many  very  high-grade 
trees,  were  spotted  and  later  cut  for  logs.  Many  of 
the  trees  with  heartrot  yielded  large  logs  but 
generally  with  only  a  thin  layer  of  solid  wood 
toward  the  outside.  The  rest  of  the  cross  section 
had  rot  in  various  stages,  and  from  this  only 
unprofitable  Grade  4  lumber  could  be  produced. 
Many  logs  from  the  tops  of  high  quality  trees  and 
from  the  whole  stems  of  very  limby  trees  produced 
logs  with  very  large  knots,  and  often  boards  with 
loose  knots. 

In  cutting  the  marked  and  unmarked  second- 
growth  stands,  many  small  logs  were  produced, 
as  well  as  many  logs  with  large  knots.  The  Pack 
Selective  Logging  Study— and  the  follow-up  mill- 
scale-study— produced  yield,  cost,  and  lumber 
value  data  for  the  various  sizes  and  grades  of  such 
logs.  A  summary  of  this  data  gave  all  the  in- 
formation needed  to  indicate  what  kind  of  logs 
would  be  profitable  and  what  kind  unprofitable  for 
sawmilling  at  Crossett. 

Little  data,  however,  were  available  on  lumber 
out-turn  from  the  large  rotten-core  logs  from  the 
virgin  stands.  We  ran  a  mill- scale  study  of  a 
representative  sample  of  such  logs  to  determine 
the  amount  of  defect  that  the  logs  could  have 
before  becoming  unprofitable.  A  similar  test  was 
also  run  on  top  and  rough  logs  to  determine 
characteristics  of  the  unprofitable  ones. 

From  these  studies,  utilization  instructions 
were  prepared  to  help  those  who  were  responsible 
for  log  production  keep  most  unprofitable  logs  out 
of  the  sawmill. 

The  application  of  such  standards  meant  that 
many  of  the  smaller  and  the  rougher  logs  from 
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Figure  17.-  Low  quality  hardwoods,  most  of  which  had  been  left  at  the  time  that  the  virgin 
timber  was  cut  15  years  earlier,  had  taken  over  this  pine  site  on  the  Crossett  Ex- 
perimental Forest  by  1935.   {FS  350923). 


small  trees  could  no  longer  be  used  in  the 
relatively  slow,  and  relatively  expensive,  mills 
that  had  been  designed  for  operation  on  large 
virgin  logs.  Much  of  the  upper  stem  of  the  larger 
second-growth  trees  also  had  to  be  left  in  the 
woods. 


FIRST  RESEARCH  ON  THE  CROSSETT 
EXPERIMENTAL  FOREST 

As  has  been  indicated  earlier,  the  second- 
growth  pine-hardwood  stands  present  on  the  new 
Experimental  Forest  contained  many  hickory  and 
red,  water,  post,  and  white  oak.  Some  of  the  post 
oak  and  a  few  of  the  other  species  were  as  large  as 
24  inches  in  diameter.  Because  of  past  fires,  many 
large  trees  contained  rotten  centers,  but  a  few 
were  of  the  right  grade  and  size  to  make  mer- 
chantable logs.  The  hardwoods  generally  occurred 
singly,  or  two  and  three  together,  and  interspaced 
among  the  pine.  In  many  places,  however,  there 
would  be  an  almost  solid  stand  of  hardwood,  up  to 
an  acre  in  size,  with  pine  reproduction,  seedlings, 
and  saplings  underneath  (fig.  17). 

If  we  were  to  intensify  management  of  the 
stands  and  increase  yields  and  returns,  we 
somehow  would  have  to  reduce  greatly  the  hard- 


wood component  of  the  forest.  The  use  of  hard 
wood  for  pulpwood  in  those  days  was  unheard  of 
Many  people  burned  hardwood  for  heating  anc 
cooking,  but  there  was  little  market  for  the  wood 
If  a  person  needed  some  wood  he  could  have  ar 
unlimited  amount  from  company  land  just  for  th< 
cutting. 

Fortunately,  Crossett  had  a  so-callec 
"charcoal  plant"  that  had  been  built  to  use  cutoffs 
and  trimmings  from  their  hardwood  sawmill 
Because  of  trouble  with  uniform  carbonization  o 
this  material,  they  had  started  using  small  rounc 
and  split  sections  from  the  trees  in  the  woods.  Th( 
sections  were  52  inches  long,  and  could  not  bt 
over  5  inches  across  on  any  face.  In  those  days  il 
was  said  jokingly  that  the  company  "would  tak( 
any  hardwood  species— as  long  as  it  was  oak  anc 
as  long  as  the  piece  contained  few,  if  any,  knots.' 
But  the  cutting  of  "chemical wood"  provided  i 
market  for  some  of  the  unwanted  hardwoods  (fig 
18). 

Because  of  this,  our  first  "study"  undertaker 
on  the  Experimental  Forest  dealt  with  im- 
provement cutting.  The  Crossett  Lumbei 
Company  had  agreed  to  take  all  of  the  chemical 
wood  we  wished  to  produce,  so  we  decided  tc 
determine  how  much  of  the  product  the  previously 
unmanaged  stands  would  yield  per   acre,   how 
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much  it  would  cost  to  produce  the  product,  and 
how  many  trees  unsuitable  for  chemicalwood  we 
would  have  to  girdle.  We  acquired  a  couple  of  used 
ilVfe-ton  trucks  and  built  chemicalwood  racks  on 
:he  back  of  each.  We  then  picked  several  men  out 
if  our  E.R.A.  crew  with  woods  experience,  and 
went  to  work  on  the  several  compartments  that 
had  been  marked  previously  for  the  study.  In 
:hose  days  the  market  price  for  chemicalwood  was 
52.25  per  "unit"  (52  inches  wide  x  4  feet  high  x  8 
■eet  long)  of  wood  delivered  to  the  chemicalwood 
/ard  in  Crossett.  We  did  not  make  a  lot  of  money, 
put  we  put  a  lot  of  hungry  men  to  work  and  we 
*reatly  improved  the  growing  conditions  and  pine 
stocking  on  the  areas  treated.  Later  we  applied 
he  practice  to  nearly  all  the  Experimental  Forest 
hat  was  to  be  used  for  compartment  studies. 


DEVELOPMENT  OF  A 
MARKET  FOR  PULPWOOD 

Two  kraft  paper  mills  had  been  built  at 
Bastrop,  Louisiana,  in  the  1920's,  and  both  used 
bine  for  raw  material.  However,  their 
equirements  were  relatively  small  and  could 
asily  be  met  locally.  The  Crossett  area  had  no 
narket  for  its  pine  or  its  hardwood  from  trees  that 
jieeded  to  be  removed  in  thinnings,  or  from  tops  of 
rees  that  had  been  cut  for  logs. 

It  is  not  known  when  Crossett  Company  of- 
icials  started  thinking  about  the  possibility  of 
uilding  a  pulpmill  in  order  to  use  this  material. 


But  it  was  possibly  by  1933  when  the  company's 
forestry  program  started  to  take  shape.  By  June 
7,  1935,  the  discussions  had  gotten  to  the  point 
that  they  engaged  Spain  and  Company,  Con- 
sultation Foresters,  of  Memphis,  Tennessee,  to 
make  a  check  cruise  of  their  pine  timberlands  to 
determine  how  much  material  might  be  available 
to  a  mill. 

By  February  1936,  a  secured  loan  from  the 
Reconstruction  Finance  Corporation  had  been 
approved,  largely  because  it  would  provide 
employment  for  many  unemployed  men  in  the 
area.  Construction  plans  had  been  nearly  com- 
pleted for  a  150-ton  kraft  mill,  and  the  location  for 
the  mill  had  been  chosen  (fig.  19). 

Things  were  stepping  right  along.  My  diary 
for  Sunday,  February  16,  1936,  reports,  "Spent 
the  day  with  Director  Demmon  inspecting  the 
Experimental  Forest  and  the  Experimental  Forest 
buildings  that  were  under  construction.  Inspected 
the  Improvement  Cutting  study  on  the  forest  and 
looked  over  suggested  pine  pulpwood  thinning 
study  areas.  Also  looked  over  some  of  the 
Company's  selective  logging  and  the  site  for  the 
new  pulpmill." 

In  the  western  part  of  the  shortleaf-loblolly- 
upland  hardwood  type,  in  Arkansas,  Louisiana, 
Mississippi,  and  Texas,  about  5  to  10  percent  of 
the  forest  area  was  made  up  of  dense,  even- aged 
loblolly  or  loblolly- shortleaf  pine  stands.  A  few  of 
such  stands  resulted  from  a  severe  fire  or  wind- 
storm. 

However,   by  far  the  most   were   "oldfield" 


Figure  18.-  Hardwood  "chemicalwood"  stacked  in  the  woods  for  drying. 
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Lands.  In  the  early  years  of  farming,  the  owners 
of  the  farms  would  clear  a  patch  of  5  to  20  acres  of 
trees  and  brush,  and  plant  the  cleared  patch  to 
corn  or  cotton  or  other  crops.  Commercial  fer- 
tilizers were  unheard  of,  and  the  natural  fertility 
of  the  fields  would  be  reduced  from  year  to  year. 
After  so  long  a  time,  the  owner  would  clear  up 
another  field  or  two  and  abandon  the  worn-out 
fields.  Generally  pine  seed  from  the  surrounding 
forest  would  be  blown  into  the  abandoned 
patches,  and  a  dense  stand  of  young  pine  would 
result. 

Until  1935  or  thereabouts,  there  was  much 
question  as  to  whether  these  oldfield  stands  were 
a  blessing  or  a  hindrance.  In  most  localities  there 
was  no  such  thing  as  a  market  for  pulpwood.  And 
there  was  only  a  very  limited  market  for  treated 
pine  fence  posts.  If  the  owner  wished  to  use  such 
areas  for  grazing,  he  had  the  task  of  clearing  the 
abandoned  fields  of  the  pine  saplings  and  the  new 
stems  that  continued  to  come  in  from  natural 
seeding.  If  the  owner  of  such  thick  patches  of 
oldfield  pine  did  nothing  to  them  and  the  stands 
escaped  a  serious  fire,  as  many  trees  as  could 
survive  the  severe  competition  (among  one 
another)  would  eventually  reach  pulpwood  size. 
And  finally  many  would  reach  small  sawlog  size. 

But  such  stands  still  had  little  or  no  value. 
Until  about  1938,  an  individual  (if  he  had  the 
money  and  a  strong  enough  belief  in  the  future) 
could  have  purchased  hundreds  of  thousands  of 
acres  of  such  stands,  with  the  equivalent  of  up  to 
35  cords  of  pulpwood  per  acre,  for  $5-$6  per  acre. 
At  one  time  I  purchased  640  acres  of  such  stands 
with  loblolly  pine  of  pulpwood  size  as  thick  as 
"hair  on  a  dog"  for  $6  per  acre.  This  included  cost 
of  land,  the  trees,  and  all  mineral  rights. 

When  many  of  the  trees  in  such  oldfield  stands 
approached  sawlog  size,  it  was  customary  for  the 
nearest  sawmill  owner  to  purchase  such  stands 
under  a  20-  to  30-year  "timber  deed."  This  meant 
that  the  purchaser  would  make  an  estimate  of  the 
volume  of  log- size  material  on  the  property  and 
then  get  the  owner  to  give  the  company  20  or  more 
years  in  which  to  cut  the  stand.  The  price  per  M 
bd.  ft.  was  often  not  more  than  $2.50.  Because  the 
estimated  volume  was  based  on  Doyle  scale  and 
the  sawtimber  trees  were  small,  the  volume  paid 
for  amounted  to  very  little.  The  purchasers  of 
such  stands  would  usually  wait  until  the  last  year 
of  the  timber  deed  before  cutting  the  stand.  The 
result  was  that  the  purchaser  would  usually  cut  2 
to  10  times  the  volume  and  value  that  was  paid  for 


in  the  earlier  years.  Too,  over  the  20-  to  30-yeai 
period,  the  owner  of  the  land  would  pay  the  yearly 
taxes  on  the  property  — and  he  was  expected  tc 
also  keep  fire  and  trespassers  out  of  the  timber 
stands. 


GROWTH  AND  YIELD  TABLES- 
CONCEPTS 


The  dense  oldfield  stands  did  have  a  useful 
place  in  the  scheme  of  things.  Shortly  after  the 
Southern  Forest  Experiment  Station  came  intc 
being  in  1921,  researchers  had  begun  collecting 
data  for  the  construction  of  growth  and  yield 
tables  for  fully  stocked  stands  of  the  four  principal 
species  of  southern  pine— loblolly,  longleaf 
shortleaf,  and  slash.  At  the  time,  and  even  into 
the  middle  1930's,  "fully  stocked"  meant  all  the 
trees  that  one  could  have  growing  on  a  given  area, 
on  a  given  site,  at  a  given  time.  For  instance,  il 
was  assumed  that  a  fully  stocked  stand  of  loblolly 
pine  growing  on  an  85 -foot  site  should  have  about 
140  square  feet  of  basal  area  at  30  years  of  age. 
because  stands  could  be  found  with  this  amount  oi 
stocking.  This  concept  was  undoubtedly  importec 
from  Europe  at  the  same  time  that  the  first! 
European  foresters  came  to  the  United  States.  Iri 
any  event,  work  at  the  Southern  Station  resulted 
in  a  quite  famous  U.S.  Department  ol 
Agriculture-Forest  Service  publication.  It  was 
known  as  Miscellaneous  Publication  No.  50.  II 
presented  the  first  comprehensive  growth  and 
yield  figures  for  fully  stocked  stands  of  the  foui 
major  southern  pines.  Such  information  was  ; 
based  on  stand  age  and  tree  height  or  log  length. 

Stands  of  these  pines  that  had  basal  areas  less 
than  that  shown  in  the  tables  were  considerec 
understocked.  Furthermore,  in  those  days  most 
foresters  thought  that  the  growing  stock  ir  : 
"understocked"  stands  should  be  built  up  to  this 
full  volume  in  order  to  obtain  maximum  growth 
This  was  held  to  be  true  for  board- foot  as  well  a;  ' 
for  cubic -foot  values. 

Another  interesting  concept  that  held  swaj 
until  the  mid-1930's  was  that  board-foot  growtl 
and  cubic- foot  growth  per  acre  per  year  was 
directly  related  to  percent  of  full  stocking.  If  th< 
stocking  of  a  given  stand  was  50  percent  of  the  ful 
stocking,  as  shown  in  the  growth  and  yield  tables 
the  cubic-  or  board- foot  volume  growth  would  b<  i 
50  percent  of  the  values  for  fully  stocked  stands 
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figure  19.  -  The  Crossetl  pulp  and  paper  mills  —  built  in  1937  to  utilize  small  trees  removed  in  thinning  and  tops  of  sawlog  trees. 


JIM  GIRARD 

A  few  of  us  foresters  did  not  agree  with  such  a 
poncept  but  it  was  James  W.  (Jim)  Girard,  a 
lonforester  and  nonresearcher,  who  proved  that 
t-he  idea  was  erroneous.  Jim,  who  had  been  a 
umber  cruiser  and  logging  engineer  in  the  western 
forests,  had  been  hired  by  the  U.S.  Forest  Service 
to  help  the  Assistant  Director  of  the  National 
forest  Survey.  Almost  immediately,  Jim  clashed 
vith  the  Director  and  other  high-level 
Washington  personnel  in  charge  of  the  Survey, 
fhey  had  intended  to  publish  data  on  the  stocking 
md  growth  of  an  area  of  Florida's  timberland  (as  I 
emember  it)  that  had  been  inventoried  by  the 
purvey  staff.  Stocking  per  acre  was  only  about  30 
percent  of  that  shown  in  the  Miscellaneous 
publication  #50  growth  and  yield  tables,  so  the 
oint  was  to  be  made  in  the  survey  report  that  the 
owth  was  only  30  percent  of  normal. 

Jim  would  not  accept  such  a  statement.  He 


was  positive  that  the  growth  would  be  greater 
than  this.  After  many  conferences  and  harsh 
words  on  the  subject,  Jim  proposed  a  study  of 
pine  growth  in  relation  to  stocking.  This  was 
finally  agreed  to  and  was  conducted  in  ponderosa 
pine  stands  of  various  stocking  in  Montana  in 
about  1935. 

Results  of  the  study  conclusively  proved  that 
Jim  was  right  and  that  it  was  possible  to  have, 
say,  60  percent  of  maximum  growth  in  stands 
with  only  40  percent  of  full  stocking  as  shown  by 
the  growth  and  yield  tables.  This  finding  was  later 
proved  correct  at  the  Crossett  Research  Center 
and  elsewhere,  and  led  to  the  use  of  increment- 
core  and  permanent  sample-plot  studies  to 
determine  actual  growth  in  understocked  stands. 
It  was  also  the  reason  that  100-percent  repeat 
inventories  were  insisted  upon  in  later  com- 
partment and  small-plot  studies  undertaken  at 
the  Crossett  Research  Center. 

This  same  Jim  Girard  was  the  idea  man  for  the 
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form-class  volume  tables  he  later  developed  in 
collaboration  with  Clement  Mesavage,  who  at  the 
time  was  on  the  staff  of  the  Southern  Forest 
Experiment  Station.  The  first  such  publication 
had  the  title,  "Tables  for  Estimating  Board-Foot 
Volumes  of  Timber."  For  some  unknown  reason 
the  publication  was  not  given  a  number  and  was 
marked  "For  Administrative  Use."  It  was  never 
published  for  general  use.  The  Southern  Forest 
Experiment  Station  in  1947  did  publish  "Tables 
for  Estimating  Cubic- Foot  Volume  of  Timber"  by 
Clement  Mesavage,  which  was  based  on  the 
Girard  form-class  idea.  Both  Girard  and 
Mesavage  were  disappointed  that  the  Forest 
Service  didn't  publicly  accept  the  Girard  form- 
class  tables  and  recommend  them  for  general  use. 

THE  PULPWOOD  THINNING  STUDY 

Because  of  the  initiation  of  a  market  for 
pulpwood,  and  because  of  the  very  slow  diameter 
growth  of  trees  on  most  of  the  heavily  stocked 
oldfield  (and  some  natural  forest)  stands,  it 
seemed  desirable  to  determine  the  effect  of 
thinning  in  stands  of  this  type.  Thus,  after  much 
thought  and  planning,  the  second  study  to  be 
undertaken  at  the  Center  was  one  on  pulpwood 
thinning.  It  was  begun  on  June  11,  1936.  The 
objective  was  to  determine  the  present  and  future 
yields,  returns,  and  cost  when:  (1)  about  200  of 
the  best  trees  were  reserved  per  acre  on  a  spacing 


of  15  x  15  feet;  (2)  about  100  of  the  best  trees  were 
reserved  on  a  spacing  of  21  x  21  feet;  (3)  70  of  the 
best  trees  were  reserved  on  a  spacing  of  25  x  25 
feet;  (4)  40  of  the  best  trees  were  reserved  on  a 
spacing  of  33  x  33  feet.  In  each  case,  trees  smaller 
than  6  inches  d.b.h.  were  not  counted  as  crop 
trees  and  were  allowed  to  remain  on  the  plots. 

At  the  time,  to  counter  severe  criticism  of  clear- 
cutting,  the  Southern  Pulpwood  Association  had 
a  cutting  "rule"  that  it  urged  its  members  to  use. 
The  association  further  urged  its  members  to  ' 
purchase  pulpwood  only  from  dealers,  con- 
tractors, and  timberland  owners  who  cut  in  a 
manner  that  would  equal,  or  be  better  than,  the  ' 
standard  adopted.  The  minimum  standard  for 
pine  pulpwood  was  to  "leave  all  trees  up  to  and 
including  7.5  inches  d.b.h.  and  leave  one  9. 5 -inch 
or  larger  tree  every  50  feet."  Such  a  treatment  was 
included  in  the  study.  Also,  uncut  check  plots 
were  included,  making  six  treatments  in  all.  The! 
study  was  undertaken  in  a  44-year-old  oldfield 
stand  with  an  average  basal  area  of  about  140 
square  feet  per  acre. 

We  found  that  the  most  net-cubic-foot  growth 
for  the  first  10  years  was  on  the  plots  thinned  back 
to  200  trees  per  acre.  The  most  board-foot  growth 
was  about  the  same  on  plots  thinned  back  to  200 
and  100  trees  per  acre,  with  the  plots  thinned  back, 
to  70  trees  per  acre  not  far  behind.  The  uncut 
check  plots  were  far  behind  in  both  net  cubic  and 
board  foot  growth. 


Figure  20. -The  famous  Rose  Inn  at  Crossett,  Ark. ,  1934. 
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SMALL-TOWN  LIVING 

Up  until  July  9,  1936,  I  and  Geneva,  my  wife, 
lived  in  Crossett— first  at  the  Rose  Inn  and  then 
in  a  house  on  the  southwest  corner  of  the  inter- 
section of  what  is  now  Cedar  Street  and  Third 
Avenue.  The  house  was  set  aside  for  rental  to 
Southern  Station  personnel. 

The  Rose  Inn  was  a  large  three- story  wooden 
structure  with  open  walk-up  stairways  (fig.  20).  It 
was  Company  owned  and  provided  the  only  public 
overnight  housing  in  town.  It  had  a  large  lobby 
with  a  big  fireplace  and  a  long  row  of  rocking 
chairs.  Another  long  row  of  such  chairs  adorned 
the  long,  covered  front  porch.  Rooms  on  the  third 
floor  were  reserved  for  unmarried  school  teachers, 
who  were  required  to  live  there.  Not  too  much 
space  was  required  since  there  was  only  one  white 
and  one  black  school  in  town.  Crossett  was  very 
much  off  the  main  roads.  In  those  days  the  rooms 
on  the  second  floor  usually  could  take  care  of 
visiting  lumber  company  officials,  plus  two  or 
three  of  the  single  men  who  worked  for  the 
company  and  did  not  have  other  housing.  It  also 
accommodated  an  occasional  salesman  and  other 
visitors. 

The  large  Rose  Inn  dining  room,  always  with 
sparkling  white  tablecloths  on  the  tables  and 
waiters  with  white  jackets,  was  famous  for  its 
good  food.  For  many  years,  men  had  to  wear  ties 
and  coats  before  they  were  admitted  to  the  room. 
To  be  reasonably  sure  that  those  who  came 
without  proper  attire  could  have  something  to  eat, 


Mr.  Boardman,  the  hotel  manager,  kept  a  supply 
of  extra  coats  and  ties  on  a  clothes  tree  just 
outside  the  room. 

Geneva  and  I  were  allowed  to  live  and  eat  at 
the  hotel  on  a  monthly  rate  that  was  similar  to  the 
one  paid  by  the  other  regulars— $30  each  per 
month.  This  included  steak  every  night,  if  one 
wanted  it,  and  always  plenty  of  hot  biscuits  and 
many  choices  of  potatoes  and  vegetables. 

Crossett  was  strictly  a  lumber  company  town 
with  all  of  the  houses  built,  maintained,  and 
owned  by  the  Company  (fig.  21).  The  houses  were 
all  built  up  off  the  ground  on  brick  or  concrete 
piers  with  plenty  of  crawl  space  underneath  for 
the  installation  of  piping  and  for  reducing  the 
problem  of  termites  (fig.  22).  No  insulation  of  any 
kind  was  used,  so  the  houses  were  very  drafty 
and  cold  in  winter.  All  buildings  were  painted  the 
same  color  and  many  looked  alike  so  one  learned 
to  know  his  house  by  some  distinguishing  feature 
in  the  yard.  No  yard  was  complete  without  a 
servant's  quarters  in  back,  and  most  homes 
"enjoyed"  outside  toilets. 

Because  of  the  low  wages  paid  (by  sawmills  in 
general,  including  Crossett),  most  families  kept 
cows  and  chickens  to  help  make  ends  meet.  There 
was  no  such  thing  as  a  stock  law  in  those  days. 
So,  after  milking  time  in  the  morning,  the  cows 
were  turned  out  of  each  back  yard  to  hunt  for 
grass  and  other  vegetation  to  eat  during  the  day. 
Several  people  owned  horses  and  pigs,  and  there 
were  even  a  few  mules.  These,  along  with  the 
cows,  roamed  at  will  up  and  down  the  streets 


Figure  21.-  Main  street  of  Crossett,  Ark.,  1934. 
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Figure  22.  -  The  Reynolds  residence  in  Crossett  from  1934  to  1936,  a  typical  Crossett  house  at  the  time. 


including  the  area  that  might  be  considered 
"downtown."  Most  streets  in  town  were  unpaved, 
although  some  had  a  weak  covering  of  gravel  and 
blacktop.  In  wet  weather,  one  had  to  try  to  dodge 
not  only  mud  puddles  but  also  cowpiles  and  other 
"offcasts."  In  dry  weather,  it  was  just  the  latter. 
Because  of  the  roaming  livestock,  all  yards 
were  enclosed  by  a  wooden  picket  fence.  Wooden 
picket  gates  had  a  large  barndoor,  butterfly  hinge 
mounted  horizontally  at  the  top  to  keep  it  closed. 
To  open  the  gate,  one  would  flip  one  half  of  the 
hinge  back  on  the  other  half.  The  grass  in  the 
yards  always  seemed  to  be  greener  than  that 
outside  the  fence— to  the  livestock  at  least— and 
many  people  had  some  tasty  garden  vegetables. 
Thus,  as  one  could  expect,  if  a  given  gate  was  not 
locked  by  the  hinge,  or  if  someone  left  it  open,  the 
householder  would  more  than  likely  have  a  yard 
full  of  livestock  in  no  time.  Occasionally  even  the 
hinge  "lock"  on  the  gates  was  not  enough  to 
protect  the  yards  from  grazing  animals.  There 
was  one  old  cow,  with  only  one  short  crooked 
horn,  that  was  smarter  than  99  percent  of  all 
animals  in  the  country.  She  learned  that  if  she 
would  turn  her  head  sideways  she  could  push  her 
short,  little  crooked  horn  under  the  hinge  and  flip 
it  over.  Then  she  could  pull  the  gate  toward  her 
and  thus  open  it— and  walk  in.  After  watching  her 
pull  her  trick  a  few  times— especially  after  losing 
some  of  our  garden  to  her— we,  and  many  of  our 


neighbors,  installed  more  foolproof  locks  on  th< 
gates. 

One  night  Geneva  and  I  were  awakened  in  the 
middle  of  the  night  by  a  constant  tinkling  of  £  I 
bell.  After  trying  to  go  back  to  sleep  without'' 
success,  we  realized  that  somehow  we  would  have; 
to  get  rid  of  the  noisemaker.  Geneva  had  pur 
chased  a  sack  of  potatoes,  of  good  size,  the  day! 
before  so  I  appropriated  three  and  went  out  th< 
side  door  toward  the  noise.  As  I  did,  I  suddenh 
realized  that  we  were  in  the  midst  of  a  pea-sou{ 
fog  that  was  so  dense  one  could  not  make  out  i 
shape  more  than  10  feet  away.  I  carefully  headec 
down  the  back  door  steps  and  toward  the  tinkling 
bell.  When  I  reached  the  yard  fence,  I  let  fly  wit! 
a  potato  toward  what  seemed  to  be  the  middle  o 
the  animal.  The  potato  found  its  mark  and  hil 
with  considerable  "plop."  The  slow  "ding-ding' 
immediately  turned  into  a  rapid  "ding- ding- ding' 
and  two  or  three  horses  or  mules  took  off  up  the 
street.  About  this  time  from  across  the  narrow 
street  in  the  next  yard  came  "tee-hee-hee"  anc 
then  "haw-haw-haw."  It  was  the  voice  of  Mr 
Arnold,  manager  of  the  Crossett  Lumber  Com 
pany.  He  and  Mrs.  Arnold  had  been  awakened  b) 
the  same  bell  and  he  was  also  out  in  his  yarc  j 
trying  to  decide  what  to  do  about  the  bell.  After  i  I 
good  laugh  together,  we  both  went  back  to  bee  j 
and  let  someone  up  the  street  worry  about  what  t<  j 
do  about  the  bell.  To  this  day  I  have  wonderee 
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what  would  have  happened  if  I  had  missed  the 
mule  with  the  potato  and  hit  Mr.  Arnold! 

What  sidewalks  there  were  in  town  were 
wooden,  and  although  these  were  kept  in  pretty 
good  repair  one  always  had  to  watch  for  a  broken 
or  rotten  board  when  walking  thereon. 

There  was  only  one  store  in  town  and  this 
was— you  guessed  it— the  "company  store."  It 
was  located  on  the  corner  of  what  is  now  Highway 
82  and  Main  Street.  It  was  a  large  rambling 
wooden  building  with  a  second-story  mezzanine 
all  around  the  large  main  floor.  The  store  had 
many  departments,  including  groceries,  hard- 
ware, clothing,  and  furniture.  If  one  wanted  drugs 
or  ice  cream,  such  items  could  be  had  by 
descending  two  steps  into  an  attached  separate 
room. 

All  sawmill  and  woods  employees  were  en- 
couraged to  trade  at  the  company  "sto."  And  to 
help  bring  this  about  the  workers  could  draw  one 
week's  pay  in  advance,  but  this  was  in  the  form  of 
coupon  books  that  were  good  only  at  this  store. 
The  Company  owned  all  the  land  in  town  and  an 
area  of  about  2  square  miles  surrounding.  And, 
except  for  the  railroad  buildings  and  Western 
lUnion,  no  other  private  enterprise  was  allowed. 
Those  who  wished  to  establish  a  business  had  to 
purchase  land  outside  the  village  limits.  It  was 
because  of  this  that  North  Crossett,  West 
Crossett,  and  South  Crossett  came  into  being. 
Prices  in  the  stores  in  these  places  often  were  a  bit 
cheaper  than  in  the  company  store,  and  those  who 
icould  resist  the  temptation  of  "borrowing" 
against  next  week's  pay  could  have  cash  to  trade 
in  the  outlying  communities. 

Because  the  company  owned  all  houses  and 
other  buildings,  and  would  only  rent,  it  could 
ireadily  determine  who  would  occupy  each  house. 
They  would  rent  only  to  those  who  worked  at  the 
mills  or  offices,  plus  the  few  exceptions  like 
Geneva  and  me  who  worked  for  the  Forest  Ser- 
vice. Thus,  there  was  no  unemployment  in  town. 
And  very  little  crime  and  drinking.  If  an  employee 
did  not  produce  at  his  job  or  caused  any  trouble, 
Dut  of  town  he  would  go. 

Although  pay  in  the  sawmill  and  woods  was 
not  large,  the  cost  of  rental  living  quarters  was 
very  reasonable.  Rates  ranged  from  $5  to  $17  per 
month  for  most  houses.  And  one  could  buy  a 
refrigerator  or  stove  on  "time"  at  the  company 
store  at  a  very  low  rate  per  month.  One  could  also 
obtain  all  the  wood  he  wanted  for  heating  and 
cooking  just  for  the  cutting  on  company  lands. 


RESEARCH  STUDIES  MULTIPLY 

Although  Geneva  and  I  enjoyed  our  Crossett 
living,  July  9,  1936,  was  a  big  day  in  our  lives.  By 
this  date,  construction  of  the  big  log  "Forester's 
Home"  at  the  Branch  Station  headquarters, 
located  7  miles  south  of  town,  was  far  enough 
along  for  us  to  move  in  (fig.  14).  And  move  in  we 
did,  with  joy.  This  was  to  be  our  home  for  the  next 
33  years,  in  spite  of  many  attempts  to  move  us 
back  to  New  Orleans,  or  to  other  locations,  so  that 
we  would  have  more  contact  with  other  scientists 
and  "would  not  go  to  seed,"  as  some  of  the 
Washington  Office  staff  called  it. 

Meanwhile,  the  building  program  was  winding 
down.  Office  work  on  compilation  of  data  from  the 
Pack  Selective  Cutting  Study  was  expanding, 
both  in  Crossett  and  in  New  Orleans.  Based  on 
data  from  the  Pack  study,  local  cubic-foot  and 
board- foot  volume  tables  were  constructed.  And  I 
somehow  found  time  to  write  an  article  for  the 
Southern  Lumberman  entitled,  "Good  Forestry  is 
Good  Business."  I  also  wrote  one  for  the  Southern 
Pine  Association,  titled  "Good  Lumber  From 
Second-Growth  Southern  Pine,"  the  first  of  many 
articles. 

The  year  1937  was  a  banner  year  on  the 
Crossett  Experimental  Forest  (fig.  23).  A  100- 
percent  inventory  of  all  trees  by  size  and  species 
was  completed  for  the  1680  acres.  After  much 
thought  and  planning,  we  undertook  a  Method-of- 
Cutting  Study.  This  was  to  compare  the  yields, 
costs,  returns,  and  the  type  of  stands  that  would 
develop  from  four  different  methods  of  cutting  in 
the  previously  unmanaged  second-growth 
shortleaf- loblolly  pine- upland  hardwood  stands. 
Three  plots,  each  2.5  acres  in  size  surrounded  by  a 
2 -acre  isolation  strip,  were  selected  for  each  of 
four  treatments: 

Method  1:  This  involved  clearcutting  for 
sawlogs  of  all  pine  and  hardwood  trees  12  inches 
d.b.h.  and  larger,  and  for  pulpwood  of  all  pine 
trees  6  inches  d.b.h.  and  larger  up  to  saw  log  size. 
Pulpwood  was  also  cut  from  tops  of  sawlog  trees. 
Hardwoods  that  were  unmerchantable  for  sawlogs 
were  either  cut  into  chemicalwood  or  deadened. 
Such  a  method  of  treating  stands  was  to  represent 
a  common  type  of  treatment  given  the  shortleaf- 
loblolly  pine- hardwood  stands  by  many  tim- 
berland  owners  in  the  South. 

Method  2:  All  pine  and  hardwood  trees  12 
inches  d.b.h.  and  larger  were  clearcut  for  sawlogs. 
No  pine  pulpwood  or  hardwood  chemicalwood  was 
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cut  except  from  tops  of  sawlog  trees.  Un- 
merchantable hardwoods  were  deadened  or  cut 
into  chemicalwood. 

Method  3:  This  was  a  shelterwood  cutting- 
cutting  all  merchantable  trees  except  15-20  per 
acre  of  the  best  quality  pines  that  were  12  inches 
d.b.h.  and  larger.  Remainder  of  treatment  was 
same  as  in  Method  1.  This  treatment  was  to 
represent  a  third  step  in  intensity  of  treatment  for 
the  formerly  unmanaged  second-growth  upland 
stands. 

Method  4:  This  was  a  selection  cutting— to  be 
repeated  on  the  same  areas  every  7  years.  About 
75  percent  of  the  expected  cubic-foot  growth  for  7 
years  would  be  removed  at  the  time  of  each  cut. 
Cut  was  to  be  taken  from  all  size  classes  of  trees, 
with  the  poorest  trees  removed  first.  The  aim  was 
to  improve  both  the  volume  and  quality  of  the 
growing  stock.  Unmerchantable  hardwoods  were 
treated  in  the  same  way  as  in  Method  1.  This 
treatment  was  to  represent  one  of  the  most  in- 
tensive that  could  be  recommended  to  a  tim- 
berland  owner. 

The  results  were  most  interesting.  The  plots 
clearcut  to  a  6-inch  d.b.h.  made  an  amazing 
recovery  and  had  an  appreciable  stocking  of  pine  6 
inches  d.b.h.  and  above  in  10  years,  together  with 
many  hardwood  stems. 


Figure  23.- Part  of  group  of  foresters  including  the  Regional 
Forester  and  representatives  of  his  staff;  the 
Director  of  the  Southern  Forest  Experiment 
Station  and  representatives  of  his  staff;  and  State 
and  private  foresters  who  attended  an  annual  2- 
day  meeting  at  the  Crossett  Experimental  Forest 
in  April  1937.   (FS  352513). 


Over  the  first  10  years,  board- foot  volum 
growth  was  much  the  best  on  the  selection  plots 
but  it  was  also  surprisingly  good  on  the  treatmen 
#2  plots,  (353  bd.  ft.  per  acre  per  year,  Int.  lA  incl 
scale).  Good  board-foot  growth,  of  course,  wa 
not  expected  on  the  clear  cut  and  shelterwooi 
plots  over  the  years.  Pine  reproduction  wa 
prolific  on  the  shelterwood  plots  (6,310  stems  pe 
acre),  and  more  than  adequate  on  all  treatments 
The  study  indicated  that  where  a  pine  seed  souro 
is  close  to  areas  of  as  much  as  4.5  acres,  and  when 
some  treatment  is  given  the  hardwoods,  timber 
growing  possibilities  on  the  area  are  good.  At  th< 
same  time,  the  more  intensive  treatments  paid  of 
in  a  big  way. 

In  1937  we  also  started  the  large-scal< 
Selection  Management-Cutting  Cycle  Study  or  i 
the  Experimental  Forest.  In  this  we  hoped  to  get 
some  answers  to  questions  such  as:  can  light 
frequent,  selection  cuttings  be  made  in  previous^ 
unmanaged  immature,  understocked,  second 
growth  shortleaf- loblolly  pine-upland  hardwooc  . 
stands?  Will  this  type  of  management  and  partia 
cutting,  when  applied  to  large  acreages,  permit 
the  sawmills  to  be  operated  profitably  on  logs  o 
good  size  and  quality  while  the  badly  rundowr 
stands  were  rehabilitated  and  their  stocking 
quality,  and  growth  built  up?  Will  frequent  j 
selection  cuttings  increase  growth  enough  t(; 
make  up  for  the  lower  logging  costs  to  be  expectec 
from  heavier  and  less  frequent  cuts?  How  wil 
frequent  cuttings  affect  reproduction?  Will  then 
be  an  appreciable  difference  in  board- foot  growtl 
where  the  cutting  cycle  is  relatively  long  oi 
relatively  short?  The  large-scale  study,  initiatec 
in  1937,  occupied  twenty-four  40-acre  com 
partments,  eight  of  which  were  cut  on  a  3-yeai 
cycle,  eight  on  a  6-year,  and  eight  on  a  9-yeai 
cycle. 

The  management  system,  as  applied,  favorec 
continuous  stand  improvement.  Within  the  limitt 
of  the  allowable  cut,  the  poorest  and  most 
biologically  mature  stems  were  to  be  marked  foi 
removal  at  the  time  of  any  cycle  cut.  The  systerr 
allowed  for  a  gradual  buildup  of  understockec 
stands,  accelerated  increment  on  the  best  trees 
and  a  gradual  increase  in  the  proportion  of  eacr 
acre  that  would  be  growing  large,  high-valut 
timber. 

A  3-year  cutting  cycle  would  mean  that  th< 
volume  of  logs,  and  other  products,  removed  ai 
the  time  of  any  given  harvest  cut  would  b< 
roughly  one- half  as  much  as  for  areas  cut  on  a  6 
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year  cycle.  And  only  one-third  as  much  as  from  a 
9-year  cycle.  Costs  and  returns  might,  therefore, 
be  quite  different.  To  get  a  good  measure  of  this, 
an  elaborate  recordkeeping  system  was  set  up. 
Changes  in  stand  structure  and  growth  of  various 
products  would  be  based  on  100-percent  in- 
ventories that  would  be  repeated  for  each  com- 
partment at  the  end  of  each  cutting  cycle.  To 
determine  logging  cost  differences  that  might  be 
present,  man-hour  and  machine- hour  costs  were 
kept  by  compartment  throughout  the  course  of 
the  study.  Such  figures  were  for  cutting,  skid- 
ding, loading,  hauling,  and  overhead.  Records  on 
botal  volume  of  logs  produced  were  kept  for  log 
size  and  log  grade.  Records  on  volume  of  pulp- 
,vood,  chemicalwood,  and  other  products 
oroduced  were  also  recorded. 

A  few  of  the  interesting  results  of  the  first  24 
/ears  of  this  study  may  be  briefly  summarized  as 
"ollows: 

1.  For  the  quite  variable  previously  un- 
nanaged  stands,  length  of  time  between  harvest 
lad  little  effect  upon  the  total  yield  of  high  quality 
ogs  produced  by  the  stands. 

2.  Total  pine  logs  harvested  while  the  stands 
vere  being  improved  and  rebuilt  averaged  5,654 
od.  ft.  (International  Vi-inch  scale)  per  acre,  or 
!36  bd.  ft.  per  acre  per  year. 


3.  Additions  to  the  pine  log- size  growing 
stock  averaged  4,719  bd.  ft.  per  acre  or  197  bd.  ft. 
per  acre  per  year. 

4.  Over  the  24-year  period  pine  growth  in 
trees  12  inches  in  d.b.h.  and  larger  averaged  433 
bd.  ft.  per  acre  per  year. 

5.  Pine  board  foot  growth  was  equal  to  8.6 
percent  per  year  simple  interest. 

6.  Pulpwood  yield  averaged  1.47  cords  per  M 
bd.  ft.  of  logs  grown. 

7.  Pine  reproduction  was  more  than 
adequate  on  most  areas  although  hardwood 
sprouts  and  small  hardwood  stems,  that  never 
had  been  treated,  were  a  problem  on  about  10 
percent  of  the  area  of  study.  Treatment  of  this 
brush  would  be  desirable  in  the  near  future. 

8.  The  increase  in  number  of  pine  trees,  4 
inches  and  larger  in  d.b.h.,  averaged  36  per  acre 
over  the  24-year  period. 

Thus,  the  answer  to  the  major  questions  that 
we  had  asked  at  the  time  the  study  was  started 
was  "yes"  m  each  case. 

FARM  FORESTRY  STUDIES 

About  20  percent  of  all  forest  land  in  the 
Crossett  Branch  territory  was  owned  by  farmers 
and  other  small  nonindustrial  ownerships.  The 


Figure  24.-  Spots  suck  as  this  were  present  on  the  Poor  Forty  when  management  started  in  1937. 
Note  pine  in  background.   (FS  427241). 
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average  per  farm  was  about  30  acres.  And, 
because  there  had  been  little  or  no  market  for 
products  from  such  woodlands,  most  farmers 
considered  it  as  so  much  wasteland.  At  best  logs 
could  be  sold  from  a  given  area  at  40-  to  60-year 
intervals— and  clearcutting  of  the  stands  was 
common  practice. 

To  get  farmers  and  nonindustrial  timberland 
owners  interested  in  forestry,  some  major  changes 
had  to  be  made.  It  would  be  necessary  to  get  rid  of 
most  of  the  weed  and  cull  trees,  and  to  thin  the 
thick  patches  of  good  trees  to  give  the  reserve 
stems  a  chance  to  grow  at  an  acceptable  rate.  In 
most  cases  it  would  be  necessary  to  increase  the 
growing  stock.  Perhaps  the  major  necessary 
change  was  to  make  harvests  and  to  obtain 
returns  from  the  tree  crop  at  relatively  short 
intervals.  Could  this  be  done? 

Since  farmers  generally  obtained  returns  from 
their  row  crops  at  yearly  intervals,  we  decided  to 
find  out  if  annual  returns  could  also  be  obtained 
from  forest  farming. 

Consequently,  one  of  the  better  stocked  40- 
acre  shortleaf-loblolly  pine-upland  hardwood 
areas  on  the  Experimental  Forest  was  selected  for 
study.  Results  obtained  on  such  land  might  well 


indicate  the  possible  returns  one  might  get  fron 
woodlands,  once  they  were  put  in  good  growinj 
condition  and  stocking  was  built  up.  This  are; 
was  called  the  "Good  Farm  Forestry  Forty."  Th 
second  area  selected  for  study  contained  34  acre; 
of  the  same  pine-hardwood  type  as  the  Goo< 
Forty  but  was  much  more  typical  of  the  averagi 
farm  woodland.  It  was  poorly  stocked  wiuh  pine 
many  of  which  were  of  poor  quality.  It  also  had  ai 
abundance  of  cull  and  low-grade  hardwoods  up  t< 
24  inches  in  diameter  (fig.  24). 

Annual  harvests  began  on  the  Good  Forty  ii 
1938  and  on  the  Poor  Forty  in  1939.  To  build  uj 
stocking  on  the  latter  area,  the  annual  harves 
was  limited  to  approximately  50  percent  of  growtl 
for  the  first  13  years.  By  that  time  stocking  ha( 
increased  to  the  point  that  removal  of  more  of  thi 
growth  was  desirable.  Consequently,  the  annua 
cut  was  gradually  increased  to  a  volume  nearl; 
equal  to  the  growth.  The  annual  cut  from  th  ; 
Good  Forty  was  each  year  roughly  equal  to  th  |j 
annual  growth  (fig.  25). 

From  1938  to  1968,  30  annual  harvests  wer  * 
made  from  the  poorly  stocked  34-acre  tract  and  3 
were  made  from  the  well-stocked  area. 

The    number    of    pine    trees,    at    the    timi! 


Figure  25.- Annual  harvest  on  the  Good  Farm  Forty.  Products  shown  are  equivalent  to  one  year's  growth  on  the  well-stocke 
and  managed  area. 
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nanagement  started  on  the  understocked  area, 
iveraged  68  per  acre  in  the  4-  to  12-inch  size  class 
ind  17  in  the  12-inch  and  larger  class.  Total  cubic 
volume  for  trees  of  all  sizes  averaged  11.5  cords 
!>er  acre.  This  volume  included  2,341  board  feet 
Doyle)  of  sawlog  size  material. 

Over  the  30-year  period,  148  trees  per  acre 
/ere  marked  for  cutting,  43  of  which  were  of 
awlog  size.  Over  the  same  period  7,420  bd.  ft.  of 
ogs,  12.1  cords  of  pine  pulpwood  and  4.7  cords  of 
ardwood  products  were  removed  from  each 
iverage  acre. 

At  the  end  of  the  31  years  the  Poor  Forty 
ontained  145  trees  per  acre  in  the  4-  to  12 -inch 
lass  and  32  in  the  12-inch  and  larger  class, 
itocking  of  pine  of  all  sizes  averaged  23.1  cords 
er  acre,  and  of  this  5,323  bd.  ft.  was  in  the 
iawlog  sizes  (Fig.  26). 

On  the  Good  Forty,  original  stocking  of  pine 
ees  averaged  102  per  acre  in  the  4-  to  12 -inch 
ass  and  30  in  the  12-inch  and  larger  class.  Cubic 
olume  of  pine  trees  of  all  sizes  averaged  21.2 
ords  per  acre.  This  volume  included  5,074  bd.  ft. 
)oyle)  of  sawlog  size  material. 
i  Over  the  31 -year  period  of  management,  91 
lees  per  acre  were  marked  for  cutting,  36  of  which 
ere  of  sawlog  size.  Over  this  period  12,160  bd.  ft. 
r  pine  logs,  11.1  cords  of  pine  pulpwood,  and  5.7 
>rds  of  hardwood  products  were  removed  from 
ich  average  acre. 

After  the  31  years  of  Good  Forty  contained 
9  trees  per  acre  in  the  4-  to  12-inch  class  and  30 
the  12-inch  and  larger  class.  Stocking  of  pine  of 
1  sizes  averaged  23.9  cords  per  acre,  and  of  this 
ere  was  7,910  bd.  ft.  in  the  sawlog  sizes  (fig. 

Over  the  last  15  years  of  the  study,  growth 
'eraged  better  than  430  bd.  ft.  (Doyle)  per  acre 
sr  year  on  the  Good  Forty  and  530  on  the  Poor 
^rty. 

i  The  results  from  this  study  demonstrate  the 
([cellent  possibilities  of  managing  small  tracts  of 
Iblolly-shortleaf  pine  under  the  selection  system 
ir  good  growth  and  returns. 
i  These  two  areas  had  become  the  most  famous 
hrm  Forestry  Forties  in  the  country. 


TRUCK  LOGGING 

The  use  of  trucks  for  the  hauling  of  logs  from 
te  woods  to  the  railroads  and  mills  was  rapidly 
i:reasing  in  1938  (fig.  28).  However,  the  method 
c  loading  these  trucks  left  much  to  be  desired. 


Figure  26.-  The  24th  annual  harvest  from  the  Poor  Farm 
Forty.  Volume  of  products  in  picture  is 
equivalent  to  one  year's  growth  on  the  34-acre 
tract— after  the  stocking  of  trees  had  been  in- 
creased to  desirable  levels. 

When  an  empty  truck  returned  to  the  woods,  one 
of  the  teams  of  horses  used  in  skidding  was  called 
in  to  do  the  loading.  This  was  very  slow  and  tied 
up  the  truck  for  upwards  of  30  minutes  per  load. 
Al  Jacobson,  forester  for  the  Crossett  Lumber 
Company,  had  some  ideas  on  how  to  use  the  truck 
more  effectively.  He  drew  up  plans  for,  and  had 
built,  some  portable  heavy-metal  trailer- holding 
devices  on  which  the  log  trailer  could  be  quickly 
detached  from  the  truck  and  held  in  place  while 
being  loaded  (fig.  29).  In  the  meantime,  as  soon  as 
a  given  truck  was  free  from  its  empty  trailer,  it 
could  hook  on  to  a  previously  fully  loaded  one  and 
be  off  to  the  mill  or  dumping  grounds  in  a  few 
minutes  (fig.  30).  We  assisted  in  the  development 
and  testing  of  this  equipment. 

Until  the  middle  of  1938,  it  was  considered 
unthinkable  to  expect  that  logging  trucks  ever 
could  effectively  deliver  enough  logs,  and  at  a 
uniform  enough  rate,  to  meet  the  daily  demand  of 
a  large  sawmill  such  as  at  Crossett.  The  local 
foresters  and  some  of  the  woods  supervisory  force 
thought  that  they  could  do  this  if  they  only  were 
given  an  opportunity  to  try  it.  Because  the  cost  of 
the  railroad  logging  engines,  loaders,  log  cars, 
and  railroad  personnel  (still  in  use  to  assure  an 
even  flow  of  logs  to  the  mill)  was  so  great,  it  was 
decided  to  give  the  complete  truck  operation  a 
trial  at  Crossett  in  1939.  And  although  there  were 
some  hitches,  the  use  of  trucks  and  an  improved 
road  system  made  it  possible  to  supply  upwards 
of  100  M  bd.  ft.  per  day  directly  from  the  woods  to 
the  mill.  Railroad  logging  was  "done"  (fig.  31). 
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This  was  a  great  day  for  forestry  and  good 
forest  management.  It  meant  that  light  selection 
cuttings  could  be  made  from  the  generally  under- 
stocked second-growth  stands.  And  although  the 
harvesting  might  be  in  progress  at  many  different 
locations,  the  flow  of  logs  was  sufficient  to 
maintain  full-time  operation  of  the  mills.  It  meant 
that  the  light  partial  cuttings  would  produce  logs 
of  good  average  size— ones  that  were  profitable  to 
the  mills.  It  also  meant  that  the  selectively  cut 
stands  could  be  counted  on  to  produce  greater 
cuts  of  good  logs  at  repeated  short  intervals. 


A  WAGE  INCREASE-A  MAJOR  PROBLEM 


Looking  back  from  today's  vantage  point,  it  is 
difficult  to  imagine  that  an  increase  of  5  cents  per 
hour  would  present  a  "problem."  However,  when 
the  Government  ordered  the  pay  scale  of  woods 
labor  increased  from  $0.25  to  $0.30  per  hour,  to  be 
effective  on  October  23,  1939,  it  caused  con- 
siderable consternation  among  officials  of  the 
southern  sawmill  and  papermill  industries.  This 
was  a  20-percent  increase  and  the  first  wage 
adjustment  in  a  long,  long  time.  Many  operators 
wondered  how  they  would  adjust  their  unit  pay 
scale  and  selling  prices. 

Fortunately,  the  Southern  Station  had  in- 
formation available  that  would  permit  very  ac- 
ceptable adjustments.  Because  of  the  man-hour 
woods  and  mill  production  cost  data  obtained  on 
the  Pack  Selective  Logging  Study,  we  were  able 
to  help  the  Crossett  Lumber  Company,  In- 
ternational Paper  Company,  and  several  other 
companies  determine  what  the  wage  increase 
would  mean  per  unit  of  production  and  final 
product. 


ITEMS  OF  INTEREST 

In  early  1939  Albin  Jacobson,  the  fourth  chief 
forester  of  the  Crossett  Lumber  Company,  moved 
to  Fordyce,  Arkansas,  to  become  both  mill  and 
woods  superintendent  of  the  Fordyce  Lumber 
Company.  Jake  had  run  into  many  major  woods, 
mill,  and  personnel  problems  while  at  Crossett 
and  had  performed  brilliantly.  He  was,  to  a  great 
extent,  responsible  for  making  the  conversion 
from  railroad  clearcutting  of  virgin  timber  as  a 


source  of  logs  for  the  sawmill  to  truck  logging  < 
selectively  cut  second-growth  stands.   He  s  b 
cessfully  planned  and   established   the   Disti  ij 
System  of  forest  management  and  control  tl  jj 
has  been  continued  at  Crossett  to  the  present  c 
(but  with  twice  as  many  districts).  The  Disti 
System  concept  and  method  of  operation  was  la 
widely  adopted  by  other  large  lumber,  pulp,  z: 
wood    producing    companies.    Jake    also    rmJ 
numerous     and     continuous     improvements 
methods  of  operation  in  the  woods  and  mills 

He  was  succeeded  by  Norman  Worthington  a 
chief  forester  for  Crossett.  Norm  was  the  fi  I 
forester  employed  by  the  company. 

To  summarize  a  bit,  by  the  summer  of  1939  | 
had  largely  completed  the  Pack  Selective  Logg  : 
and  Mill  Scale  Study  and  the  Stand  Improvers  i 
Study.  We  had  made  good  progress  on  the 
stallation  of  the  large  Methods  of  Cutting  Stus 
the  equally  large  958  acre  Cutting  Cycle  Stu<  : 
the  Pine  Pruning  Study,  and  the  Farm  Fores  i 
Forties.  This  was  in  addition  to  the  large  road  i 
building  program,  and  the  handling  of  the  a 
tinuous  stream  of  visitors.  Of  equal  interest  \  i 
the   fact  that,   up   to   1939,   the  regular  yea 
budget   of   station   funds   for  Crossett  was   i 
greater  than  $8,000.  This  included  the  salaiw 
of  Rawls  and  myself.  The  rest  of  the  needed  mo 
ey    for   research    and    construction    came   frl); 
cooperative  funds,  relief  funds,   and  donatio 
Because   money   and   help    were    not    availat 
Rawls  and  I  cruised  and  marked  timber,  dr< 
tractors  skidding  logs  and  pulpwood,  did  mucl: 
the  work  of  establishment  on  the  research  studi ; 
and  handled  visitors.  On  the  few  weekends  t) 
we  were  not  handling  visitors,  we  were  usually 
fire    detail.     Seventy-hour    weeks     were    cc: 
monplace.  What  changes  have  taken  place  in  1 
last  40  years  or  so'! 


A  LARGE-SCALE  TEST  OF  EVEN-VERS  J 
UNEVEN-AGED  MANAGEMENT 


By  1941  most  of  the  land  in  the  1680  acre! 
the  original  Crossett  Experimental  Forest  \ 
being  used  for  research  studies,  a  natural  aie 
an  arboretum,  or  for  other  scientific  purposes.  - 
additional  forest  area  was  needed.  After  rrn  ' 
discussion  and  planning,  the  Crossett  Lum ) 
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igure  27.-  Annual  harvest  in  1949  from  the  Good  Forty.  Group  sitting  on  logs  are  {from  left  to  right)  Regional  Forester  Earl 
Stone;  Chester  Davis,  head  of  Federal  Reserve  Board  of  St.  Louis;  Charles  Grano,  of  Crossett  Research  Center; 
Russ  Reynolds;  Charles  Connaughton,  Director  of  Southern  Forest  Experiment  Station;  Lyle  Watts,  Chief  Forester 
for  the  U.S.  Forest  Service;  and  Hamlin  Williston  of  the  Crossett  Research  Center. 


;ompany  leased  to  the  Forest  Service  an  ad- 
ditional 1800  acres  of  second-growth  upland  pine- 
;ardwood  land.  This  area  was  to  be  known  as  Unit 
2  of  the  Experimental  Forest.  The  area  was 
ssigned  to  the  Government  on  a  99-year  lease  for 
he  sum  total  of  $1.00.  The  lease  specified  that  the 
and  and  all  timber  was  to  continue  to  be  owned 
y  the  Company,  and  all  timber  that  was  to  be  cut 
i  the  course  of  studies  or  otherwise  would  be 
'ompany  property.  Another  provision  specified 
hat  any  time  that  the  area  was  not  needed,  or 
sed,  for  research  purposes,  the  land  and  timber 
i'ould  be  returned  to  the  company  for 
lanagement  and  use. 

Although  there  had  been  great,  and  long- 
isting  controversy  over  the  advantages  and 
isadvantages  of  even-aged  versus  uneven-aged, 
r  selection,  management  there  had  never  been  a 
ood  test  of  the  two  silvicultural  systems  in 
imilar  stands  and  at  the  same  location.  We  had 
roposed  to  make  such  a  test  in  second-growth 
hortleaf-loblolly  pine-upland  hardwood  stands, 
'o  that   the   results   would   not   be   subject   to 


question  because  of  small  plot  size,  we  planned  to 
use  40-acre  plots  and  to  carry  out  the  study  over  a 
long  period  of  time.  We  would  use  the  same 
logging  and  pulpwood  production  crews  on  both 
even-aged  and  uneven-aged  plots,  and  apply 
those  management  practices  that  appeared  to 
favor  each  system.  Half  of  each  40-acre  plot  would 
be  managed  for  maximum  production  of  pulpwood 
and  small  logs,  and  the  other  half  for  maximum 
yield  of  large  logs  with  pulpwood  a  desirable  but 
secondary  product.  Cost  records  in  man-hours 
and  dollars  were  to  be  kept  for  all  stages  of  the 
management  and  harvesting  so  that  results  could 
be  evaluated.  This  study,  plus  the  pine-hardwood 
study  mentioned  later,  was  very  capably  handled 
by  Charlie  Grano,  who  had  come  to  the  station 
from  the  Ouachita  National  Forest  whose  head- 
quarters is  at  Hot  Springs,  Arkansas. 

The  study  got  off  to  a  fine  start  and  gave  us  a 
chance  to  test  an  old  argument.  Some  foresters 
believed  that  cuts  of  logs  would  be  relatively  light 
per  acre  under  the  selection,  or  uneven-aged 
system.   Therefore,   the  logging  cost  would   be 
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much  greater  than  under  an  even-aged  system, 
where  the  volume  removed  at  harvest  time  would 
be  5  to  10  times  as  much.  Under  the  selection 
system,  harvests  of  logs  and  some  pulpwood  were 
to  be  made  every  5  years  from  a  given  area,  and 
the  trees  marked  for  cutting  would  generally  be 
the  larger  ones  in  the  stand.  Under  the  even-aged 
system,  the  final  harvest  would  remove  all  trees  of 
log  size  except  for  the  necessary  few  seed  trees. 

The  selection  plots  used  in  the  test  yielded  a 
cut  of  about  1,200  bd.  ft.  of  logs  per  acre.  The 
even-aged  plots  cut  to  an  approximate  12-inch 
diameter  produced  a  cut  of  6,000  to  8,000  bd.  ft. 
(Doyle)  per  acre.  C.C.C.  boys  were  used  to  keep 
the  daily  time,  cost,  and  yield  data.  The  con- 
tractor doing  the  work  said  "man  and  boy  you 
don't  need  to  do  this  study  to  find  out  which  type 
of  cutting  will  be  cheaper.  I  can  tell  you  right  now 
that  clearcutting  will  be  cheaper."  Many  in- 
terested observers  had  similar  thoughts. 

But  this  was  not  the  case.  The  records  showed 
beyond  question  that  selection  cutting  produced 
logs  that  cost  considerably  less  per  thousand 
board  feet  to  fell,  skid,  and  haul  to  the  mills  than 
those  produced  from  the  much  heavier  cutting  on 
the  even-aged  forties. 

Because  of  the  many  small  logs  cut,  the 
average  log  size  from  the  even-aged  areas  was 
much  less  than  those  from  the  selectively 
managed  areas,  and  the  cost  per  thousand  board 
feet  was  appreciably  greater.  Later  studies  had 
similar  results,  but  this  was  a  "shocker"  to  many 
foresters  and  timberland  owners  who  thought  that 
cheapness  of  logging  was  directly  related  to 
volume  cut  per  acre. 


PINE-HARDWOOD  MANAGEMENT 
RESEARCH 


Another  important  and  interesting  study  that 
was  started  on  the  new  Unit  #2  of  the  Ex- 
perimental Forest  shortly  after  acquisition  was 
one  on  growth,  timber  quality,  reproduction,  and 
returns  from  areas  growing  pure  pine  at  one 
extreme  to  good  red  and  white  oak  at  the  other 
extreme.  In  between  were  mixed  stands  of  good 
oak  and  good  pine  growing  together.  The  effect  of 
pruning  the  oak  was  measured,  as  was  the  effect 
of    size    of    opening    on    "feathering,"    or    the 


production  of  new  small  limbs  on  the  boles  of  t  k| 
oaks.  This  research  indicated  that  if  upland  o 
stands    were    thinned    too    severely,    featheri]  j 
became  a  problem. 


FARM  FORESTRY  STUDY  DAYS 


On  November  2,  1942,  in  cooperation  with  t 
Arkansas   Extension    Service,    the    Crosse 
Lumber  Company,  and  others,  we  held  the  first  i, 
a  long  series  of  annual  Farm  Forestry  Study  Da; 
on  the  Experimental  Forest.  For  this  and  su 
sequent  Study  Days,  we  made  the  annual  he 
vests   on   the   Good   and    Poor   Farm    Forest ; 
Forties  and  stacked  the  products  on  the  side  of  t:  j 
road  at  each  Forty  for  our  guests  to  inspect.  Thu 
visitors    could    see    the    large    volume   of   log  i 
pulpwood,    and    other   products    that   could  1 
harvested  annually  from  second-growth  shorties 
loblolly  pine  stands  that  were  managed  on  tl  i 
selection    system.    A    pamphlet    described    tbi 
study  and  gave  information  on  returns.  It  aliu 
described  some  of  the  other  research  work,  resul ; 
of  which  would  be  applicable  to  the  small  tir; 
berland  owners.  Such  studies  were  visited  onus 
tour  of  the  forest  and  surrounding  areas.  A  no<  j 
barbeque  at  the  picnic  grounds,  with  talks  by  oi  t 
or  more  well-known  persons  interested  in  far  J 
forestry  were  other  interesting  events  of  the  da; 

From  the  first,  these  annual  "Day's"  were  w<  1] 
attended  and  were  a  fine  means  of  getting  tir j 
berland  owners  interested  in  management  of  the  i 
forest  properties. 


FIRE  IN  THE  FORESTS 


Wildfire  in  the  woods  was  most  certainly  3 
major  deterrent  to  the  early  attempts  to  practi< 3 
forest  management  in  the  South.  This  was  pa  • 
ticularly  true  for  the  shortleaf- loblolly  pine  fores  ; 
of  southern  Arkansas  and  northern  Louisiana.  P. 
was  pointed  out  earlier,  in  the  1920's  and  1930  ■ 
most  people  thought  that  the  forests  had  little  <  t 
no  value  once  the  virgin  timber  had  been  cu 
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'igure  28.-  Team  skidding  pine  log  into  position  for  loading  onto  truck  by  means  of  chain  cross-haul.  This  was  the  standard 
method  of  loading  log  trucks  in  the  woods  during  most  of  the  1930's  and  40's.  (FS425846) . 


Vlost  thought  of  land  with  trees  as  "unimproved 
and,"  and  the  only  way  to  obtain  prosperity  for  a 
riven  area  was  to  remove  the  trees  and  establish 
ow-crop  farms. 

Most  lumber  companies  in  the  area,  including 
ihe  Crossett  Company,  were  glad  to  sell  their 
[utover  land  to  those  who  would  establish  or 
Enlarge  their  farms.  Consequently,  when 
management  of  the  forests  for  another  crop  of 
jrees  was  seriously  considered,  the  area  was 
lotted  with  20-  to  100-acre  family  type  row-crop 
ilearings.  Most  farmers  had  from  a  few  to  many 
,iead  of  cows,  horses,  mules,  and  pigs.  The 
levelopment  of  improved,  or  unimproved 
pastures  for  that  matter,  for  grazing  of  these 
nimals  was  almost  unheard  of.  Livestock  was 
urned  out  to  graze  in  the  surrounding 
slashings"  and  along  the  roadsides.  To  keep 
hese  areas  open  and  free  of  brush  and  trees,  it 
/as  customary  to  burn  over  the  forest  area 
urrounding  the  farms.  Of  course,  it  was  also 
ecessary  to  burn  to  "keep  down"  the  crop  of 
icks,  chiggers,  and  snakes.  In  case  some  readers 
light  wonder  about  the  roaming  livestock  eating 
p  the  row  crops,  it  might  be  well  to  report  that 
he  farms  generally  had  fences— but  these  were 
onstructed  to  keep  the  livestock  "out"  rather 
han  "in." 

In  any  event,  during  the  spring  fire  season, 
'hich  extended  from  about  February  15  until  the 
rass  and  other  vegetation  greened  up,  and  during 


the  fall  season,  from  about  October  1  until  the 
winter  rains  started  in  December,  woods  fires 
would  be  commonplace.  Many  would  be  severe, 
and  help  needed  to  extinguish  some  of  them  just 
would  not  be  available.  It  was  very  dry  during  the 
fall  fire  season  of  1933  at  the  time  that  I  and  the  5 
CCC  boys  were  cruising  and  marking  the  first  unit 
of  the  East  Block  virgin  area  for  selection  cutting. 
Fires  became  so  general  and  bad  that  Mr. 
Wilcoxon,  woods  superintendent  for  the  Crossett 
Lumber  Company,  asked  me  if  I  would  take  my 
crew  and  help  out  on  some  of  them.  Since  the 
Company  was  paying  the  station  for  my  work  and 
the  CCC  program  was  committed  to  woods  fire 
protection,  we  agreed  to  help. 

The  first  fire  that  we  were  sent  to  was 
estimated  to  be  300  acres  in  size.  At  the  beginning 
we  were  the  first  and  only  fire  fighters  working  it. 
Looking  back  it  seems  impossible  that  we  could 
get  control  of  most  of  that  fire.  In  those  days 
there  were  no  fire  plows,  no  radios,  no  tractors,  no 
airplanes.  Our  fire  fighting  equipment  consisted 
of  six  fire  rakes  and  two  flaps.  We  had  no  back- 
firing torch,  so  when  backfiring  was  needed,  one 
of  the  men  would  rake  up  a  small  amount  of  dry 
grass  on  the  tines  of  his  rake,  set  it  on  fire,  and 
scatter  it  along  the  fireline  that  had  been  prepared 
by  the  rakers.  This  would  have  to  be  repeated  over 
and  over  again— often  working  in  thick  smoke— if 
we  were  trying  to  stop  the  head  of  a  given  fire. 
One  can  only  imagine  how  tiring  this  continuous 
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job  of  rake,  rake,  rake  was— especially  where 
there  were  vines  and  brush.  With  small  crews  and 
little  equipment,  about  the  only  chance  one  had  to 
stop  most  fires,  once  they  had  become  5  acres  or 
more  in  size,  was  to  work  a  considerable  distance 
ahead  of  the  fire  and  backfire  from  woods  and 
county  roads,  and  such  natural  breaks  as  streams, 
fields,  and  hardwood  bottoms. 

In  bad  fire  seasons,  such  as  the  fall  of  1933, 
the  countryside  would  become  so  smoky  that 
visibility  would  drop  to  only  a  few  100  feet.  Under 
such  conditions,  fire  towers  would  become  useless 
for  detection  purposes.  New  fires  would  be  found 
only  by  driving  down  the  few  existing  roads  or  by 
reports  from  people  living  in  the  area. 


Figure  29.-  Detachable  log  loading  system  developed  by  A. 
G.  Jacobson.  Trailer  could  be  loaded  while  the 
truck  was  on  its  way  to  the  mill  with  another 
load. 


Under  such  smoky  conditions,  it  was  not  at  all 
unusual  to  have  fires  become  100  acres  or  more  in 
size  before  anyone  knew  about  them.  The  worse 
part  of  the  fall  1933  fire  season  lasted  for  nearly  2 
weeks  after  we  started  to  help  fight  fire.  During 
this  period  each  fire  that  we  were  sent  to  was  from 
50  to  300  acres  in  size  when  we  arrived.  To  make  a 
bad  situation  more  difficult,  there  were  many 
"burners"  in  the  territory.  These  people  could  be 
counted  on  to  set  a  string  of  fires  up  to  a  half-mile 
or  more  in  length  on  bad  days,  and  to  immediately 
set  new  fires  as  soon  as  the  fire  crew  left.  They 


even  sent  word  to  the  fire  protection  force  thi  t 
they  would  set  fire  on  a  certain  day  and  in  j 
certain  location.  Most  of  these  "burners"  wei  i 
good  woodsmen  and  were  hard  to  catch  in  the  at  t 
of  setting  the  fires,  especially  when  they  roc  a 
horses  and  kept  off  roads.  Adding  to  the  problei  n 
was  the  fact  that,  when  the  burners  were  caugh  , 
the  courts  either  turned  them  loose,  or  fined  thei  i 
$10  at  most. 


THE  BEGINNING  OF  STATE  FORESTRY 
IN  ARKANSAS 


As  of  1930  Arkansas  was  one  of  the  large; : 
timber  producing  States  in  the  Nation.  At  tbt 
same  time  it  was  the  only  State  that  had  a  majc : 
forest  fire  protection  problem  but  no  forestr 
department.  The  various  lumber  companies  wh  i 
wished  to  protect  the  regrowth  on  their  cutovt  ■ 
timberlands  had  to  provide  protection  entirely  o  i 
their  own. 

The  1931  session  of  the  Arkansas  Legislatui 
passed  Act  234,  which  created  the  State  Forestr 
Commission.  However,  neither  the  1931  nor  thi:; 
1933    session    made    an    appropriation,    so    thi: 
Commission   could   not   become   active.    Finalb 
Governor  J.  M.  Futrell  decided  to  act  and  aske 
for  a  public  subscription  of  $5,000.  He  receive 
$7,805,  and  the  Arkansas  State  Forestry  Coir 
mission  came  into  being.  It  employed  Charles  A 
Gillett  as  State  Forester.  The  State  was  broke: 
down    into    units,    with    each    unit    under    th 
supervision  of  a  district  forester.  Curtis  Coffma 
was  in  charge  of  Unit  #1  with  headquarters  a, 
Hamburg.    J.    O.    Lee    supervised    Unit   #4   a 
Warren,  and  Louis  Ramsey  supervised  Unit  #3  a 
Fordyce.  It  was  generally  understood  that,  for 
successful     management     of     the     forest,     fir  i 
protection  was  the  first  consideration.  As  of  Jun 
30,  1934,  the  Commission  had  about  2.5  millio 
acres  under  "intensive"  protection  from  fire,  all  c 
which  was  in  southern  Arkansas.  Most  of  th 
effort  was  made  possible  by  timberland  owner 
who  contributed  two  cents  per  acre  per  year,  for 
total  of  about  $26,000. 

Establishment  of  the  Forestry  Commissio! 
did  not  alter  the  fact  that  there  were  few  fir 
towers.  Communications  were  very  poor,  and  th 
fires  were  to  be  fought  by  local  "guards"  usini 
fire  rakes  and  swatters. 
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igure  30.-  Truck  backing  into  position  to  pick  up  a  load  of 
pine  logs  that  had  been  loaded  on  the  trailer  while 
the  truck  had  taken  another  load  of  logs  to  the 
mill. 


Fortunately  for  forestry,  perhaps  the  biggest 
oost  to  the  early  efforts  at  establishing  timber 
management  in  the  region  was  the  Emergency 
ionservation  Work  Program,  the  CCC.  A  200- 
ian  camp  was  established  in  Ashley  County— 
st  east  of  Crossett,  then  moved  to  Hamburg. 

Under  this  work  program,  only  work  of  a 
ublic  nature  could  be  done.  However,  the  law 
grmitted  work  on  private  land  which  the  state 
ad  agreed  to  protect  under  the  provisions  of  the 
lark-McNary  Law.  It  was  this  large  amount  of 
Mailable  manpower— with  fire  rakes— that  kept 
ie  losses  to  wildfire  within  reasonable  limits.  Of 
ourse,  the  CCC's  accomplished  much  other  very 
uuable  work  directly  relating  to  forest 
anagement.  They  built  steel  lookout  towers; 
lephone  lines  to  establish  communications 
itween  towers,  and  between  district 
;adquarters  and  the  towers;  and  constructed 
'any  miles  of  truck  trails  and  many  bridges. 

Because  of  lack  of  funds,  the  CCC  camp  at 
amburg  was  discontinued  in  late  1935.  What  a 
low!  Arrangements  were  made  to  obtain  help 
iom  the  CCC  camp  at  Monticello,  which  had  been 
tionsored  by  the  Soil  Conservation  Service,  but 
f  ch  assistance  was  always  uncertain.  Sometimes 
te crew  would  have  orders  to  return  to  camp  at  a 
<rtain  time  regardless  of  progress— or  lack 
tereof— on  a  given  fire.  Often  the  companies  had 
t  use  their  woods,  bridge,  and  road  crews  to  help, 
lany  small  timberland  owners  also  helped. 


In  the  spring  of  1936,  District  Forester 
Coffman  moved  from  Unit  #1  at  Hamburg  to  a 
new  Unit  #14  at  Hardy,  Arkansas.  J.  C.  (Custer) 
Ross  replaced  Coffman  at  Hamburg. 

A  major  step  toward  freeing  forest  fire  control 
from  almost  complete  dependence  on  the  fire  rake 
was  made  during  1936  at  Crossett.  Based  on  ideas 
conceived  by  Glen  Durell,  assistant  State 
Forester  in  charge  of  fire  control,  Ross,  with  the 
help  of  a  good  mechanic  and  welder,  developed  a 
completely  new  tractor-powered  fire-trail  plow.  It 
differed  from  those  in  limited  use  elsewhere  in  the 
country  in  that  the  plow  was  attached  to  the  front 
and  was  pushed  rather  than  pulled  by  the  tractor. 
With  the  plow  in  this  position,  the  operator  had  a 
clear  view  both  of  the  plow  and  the  country  over 
which  it  would  pass.  It,  therefore,  relieved  the 
driver  of  the  strain  of  frequently  taking  his  eyes 
off  the  terrain  ahead  to  manipulate  the  plow 
behind. 

The  first  time  that  a  tractor-plow  was  used  on 
a  fire  in  Arkansas  was  on  the  " Honey cutt  Barn" 
fire  north  of  Crossett  in  August  1936.  The  plow 
showed  great  promise,  and  with  some 
modifications  soon  began  to  perform  excellently. 


Figure  31.-  First  truck  trail  constructed  by  the  Crossett 
Lumber  Co.  The  trails  permitted  frequent  light 
cuts  of  pulpwood,  chemicalwood,  sawlogs  and 
other  products. 
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the  special  trucks  and  truck  beds,  on  which 
the  tractors  could  be  self-loaded  and  self- 
unloaded,  were  constructed,  these  fire  plows 
became  the  "work-horses"  of  the  fire  protection 
forces.  When  called  for  they  could  arrive  at  a  fire 
as  quickly  as  a  crew  of  men,  and  could  do  much 
more  work  without  getting  tired.  The  main 
drawback  was  the  lack  of  funds  with  which  to 
purchase  more  than  a  plow  or  two  for  each  Unit. 
So,  the  use  of  fire  rakes  was  standard  practice  for 
many  years  after  the  fireplow  came  into  the 
picture. 


FIRES  AND  THE  CROSSETT 
RESEARCH  CENTER 


Crossett  Lumber  Company  officials  once 
admitted  that  one  reason  they  wanted  the 
Government  to  locate  in  the  general  vicinity  of 
what  is  now  the  Crossett  Experimental  Forest 
was  because  of  the  fire  problem  in  the  area.  Three 
suspected  woods  burners  lived  in  the  area,  and  it 
was  thought  that  the  presence  of  Federal  people 
would  greatly  reduce  incendiarism. 

In  any  event,  at  the  time  that  the  Crossett 
Research  Center  and  the  Crossett  Experimental 
Forest  were  established,  fire  protection  of  the  area 
was  considered  a  must  for  research  to  be  effective. 
During  work  hours  we  had  a  good  supply  of 
manpower  for  any  fire  fighting  job  that  might 
show  up.  But  after  work  hours  — nights,  Satur- 
days, Sundays,  and  holidays  — the  detection  and 
much  of  the  fire  fighting  job  fell  upon  the 
shoulders  of  Ike  Rawls  and  myself.  If  a  fire  was  in 
progress  and  it  was  too  large  for  one  or  two  men  to 
handle,  we  could  call  upon  some  of  the  W.P.A. 
foremen— if  we  could  get  word  to  them.  But  most 
of  them  lived  far  from  the  Experimental  Forest 
and  most  could  not  be  contacted  by  phone.  So  we 
did  our  best  to  keep  every  fire  small.  This  meant 
constant  watch  of  the  area  when  the  local 
firetower  was  not  manned,  including  driving  the 
roads  and  trails  at  night  when  winds  were  high 
and/or  humidity  was  low.  Hundreds  of  nights  we 
made  regular  inspections  of  the  area  until  mid- 
night or  later,  looking  for  "lights"  and  sniffing  for 
fresh  smoke. 

Up  until  the  time  houses  were  built  at  station 
headquarters,  one  of  us  remained  on  the  area  until 


dark  to  watch  for  smokes.  On  one  such  late  a- 
ternoon  in  the  spring  of  1934,  I  was  in  a  en 
parked  on  the  highway,  when  I  saw  a  big  puff  <  f 
black  smoke  about  a  half-mile  away  and  not  tc  a 
far  off  one  of  our  newly-constructed  forest  roads.  [ 
quickly  cranked  up  the  car's  engine  and  dashed  t  \ 
the  area,  but  when  I  got  there,  no  smoke  was  to  t  i 
seen.  I  went  back  to  my  parking  spot,  and  soo  1 
the  smoke  appeared  over  the  treetops  again.  [ 
went  back  and,  could  find  neither  fire  nor  smoki . 
By  then  it  was  dark  so  I  went  home. 


Figure  32 


CusterRoss,  developer  of  the  push  type  fire  plo, 
and  the  use  of  planes  for  forest  fire  protectio  .< 


Several  days  passed  before  we  found  tl  j 
answer  to  the  mystery.  In  a  sheltered  and  shade  I 
spot  on  a  small  intermittent  creek  that  rati 
through  the  area,  we  found  an  old  copper  boile  , 
two  washtubs  and  a  dipper,  plus  a  good  supply  < 
fat  pine  knots.  One  of  our  neighbors  had  a  prival 
still  where  he  was  making  "white  lightning."  Tr  j! 
big  black  smoke  that  I  had  seen  was  caused  whe  i 
the  "brewmaster"  had  put  some  more  pine  knol? 
on  the  fire.  When  he  heard  the  car  coming  towar  i 
him,  he  quickly  grabbed  a  pail  of  water  anil 
doused  the  fire.  When  I  left  the  general  area,  i  i 
fanned  the  fire  into  life  again  and  threw  on  soir  j 
more  pine  knots. 

After  my  second  trip  down  to  this  area,  rJ 
apparently  decided  that  I  was  a  persistent  cus; , 
so  he  took  most  of  his  good  equipment  and  move  l! 
to  a  safer  location. 

With  the  increased  attention,  and  monej, 
given  to  the  reduction  of  forest  area  burned  by  fii  i 
came  the  need  for  an  improved  fire  danger  met*  f 
for  determining  the  amount  of  fire  danger  on  i 
given  day.  Starting  in  1941,  Crossett  researchen 
began  a  series  of  tests  on  various  indicate ' 
materials    for    use    in    accurately    determinin; 
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loisture  content  of  grassy  and  woody  fuels.  Over 
he  years,  many  improvements  were  made  in  such 
leters,  but  every  time  higher  authority  at- 
tempted to  establish  "universal"  meters  it  was 
lways  found  that  the  meters  needed  to  be  ad- 
isted  for  local  conditions.  This  subject  at  times 
eveloped  great  controversies,  and  never  was 
jttled  to  everyone's  satisfaction. 


THE  BIRTH  OF  AERIAL  PATROL 


The  fireplow,  danger  meters,  and  an  expansion 

the  telephone  system  served  well  in  reducing 

reage  losses  from  fire.  Yet,  protection  efforts 

jre  seriously   hampered   during   those   periods 

'ien  smoke  from  many  fires  reduced  visibility  to 

Smiles  or  less.  Such  conditions  developed  quite 

(ten,  and  when  they  did  the  towers  were  almost 

veless. 

The  use  of  planes  for  detection  on  hazy  and 
lggy  days  was  discussed  as  early  as  1939,  but 
{anes  were  hard  to  come  by  and  had  never  been 
i'ed  for  this  purpose.  District  Forester  Custer 
1 


)ss  should  be  given  most  of  the  credit  for  the 
Lroduction  of  the  airbird  for  detection  purposes 
(g.  32).  With  approval  of  State  Forester  Lang 
a|d  the  State  Commander  of  Civil  Air  Patrol,  he 
ride  arrangements  with  the  C.A.P.  unit  located 
aiEl  Dorado,  Arkansas,  to  furnish  a  plane  and 
pot  to  make  some  test  flights  over  the  Ashley 
ad  Drew  County  areas  on  days  with  low 
v.ibility.  The  pilots  of  the  planes  were  also  the 
cservers  and  made  a  note  of  the  general  location 
oieach  smoke  found.  Upon  landing  back  at  the 
bse  in  El  Dorado,  they  would  call  the  Crossett 
lyision  Forester  and  give  him  their  report. 
Iication  of  fires  were  tied  in  to  some  well-known 
ladmark  such  as  "about  3  miles  southeast  of 
CDssett." 

i  Use  of  the  Civil  Air  Patrol  planes  for  fire 
doection  on  bad  days  was  continued  until  1944, 
wen  A.  E.  Jennings  became  manager  of  the 
Cossett  Airport.  At  that  time,  the  Forestry 
Cmmission  made  arrangements  with  him  to  fly 
0}  of  his  two  planes  on  days  when  visibility  was 
kf.  He  was  not  acquainted  with  land  lines  and 
laid  descriptions,  so  it  was  necessary  at  first  to 
we  a  "spotter"  fly  with  the  pilot.  The  spotter 
W3  usually  District  Forester  Ross. 


This  new  detection  tool  immediately  proved 
very  valuable,  not  only  for  locating  fires  on  days 
of  low  visibility  but  also  for  directing  crews  on 
large  fires.  Up  until  the  introduction  of  the  planes, 
communications  on  going  fires  had  to  be  by 
"runners"  or  "on  the  ground"  inspection.  Thus, 
the  man  in  charge  of  the  suppression  forces  often 
had  to  more  or  less  "work  in  the  dark."  Much 
additional  acreage  was  lost,  because  it  took  many 
precious  minutes  to  get  word  of  a  "breakover"  to 
the  fire  protection  forces  working  on  another  part 
of  the  fireline. 

The  one  stumbling  block  in  the  use  of  aerial 
detection  was  the  fact  that  the  observer  in  the 
plane  had  no  means  of  instant  communication 
with  people  on  the  ground.  In  the  first  few 
months,  the  pilot  had  to  land  and  telephone  the 
location  of  new  fires  or  other  information  to  the 
ground  forces. 

This  bottleneck  was  solved,  to  a  great  extent, 
by  the  use  of  empty  quart  oil-cans  and  empty  ice 
cream  cartons  with  streamers  attached.  The 
observer  in  the  air  would  write  his  message  on  a 
piece  of  paper,  put  it  in  the  container  and  drop  the 
missile  to  a  waiting  crew.  It  was  not  long  before 
fire  protection  forces  elsewhere  adopted  this 
technique. 

Short-wave  portable  radios  came  into  being  in 
the  mid- 1940' s,  and  by  1947  radio  networks  with 
fixed  stations  proved  extremely  valuable  in  the 
fire-protection  battle. 


CONTROLLED  BURNING 


In  the  early  days  of  the  new  forestry 
movement,  it  was  universally  shouted  that  all 
fires  in  the  woods  were  bad.  But,  for  some  time, 
naval  stores  (turpentine  and  rosin)  operators  in 
the  longleaf  and  slash  pine  areas  of  the  Gulf  South 
had  been  burning  over  large  areas  of  their 
holdings  each  year  to  make  sure  the  wildfires 
would  not  wipe  out  their  operations. 

After  several  large  wildfires  did  tremendous 
damage  to  their  stands,  many  large  (and  small) 
timberland  owners  in  the  Southeast  also  began 
using  "controlled"  fires,  during  safe  periods,  to 
reduce  the  amount  of  burnable  material  on  the 
ground  (the  rough)  and  to  keep  the  stands  "open" 
and  relatively  free  of  brush  and  vines. 


37 


Largely  because  of  pressure  brought  by  H.  H. 
Chapman  and  a  few  others  who  claimed  that 
controlled  fire  should  also  be  used  in  the  shortleaf- 
loblolly  types,  the  Forest  Service  began  many 
studies  to  determine  how  fire  affected  the  forest. 
These  studies  included  the  effect  on  soil,  brush 
control,  damage  to  existing  trees,  release  of  soil 
nutrients,  and  other  factors.  Working  under  the 
leadership  of  Al  Bickford,  who  headed  up  fire 
research  at  the  Southern  Station,  the  Crossett 
Branch  began  a  whole  series  of  controlled  burning 
studies  starting  in  the  spring  of  1941. 

Among  the  early  results  from  these  studies 
was  the  finding  that  successful  controlled  burns 
required  about  the  same  fuel  and  weather  con- 
ditions as  those  found  on  the  average  hot  un- 
controlled fire;  a  good  supply  of  dry  grass  and /or 
needles  and  leaves,  low  relative  humidity,  and  a 
good  steady  wind.  Under  such  conditions  the  fires 
will  kill  the  aboveground  portions  of  most  small 
hardwoods  and  vines.  However,  except  for 
dangerous  summer  fires,  or  those  that  burn 
during  very  dry  periods,  few  of  the  hardwood 
rootstocks  were  killed.  A  great  many  recovered 
and  from  one  to  a  dozen  new  stems  would  show  up 
for  each  stem  "killed."  Even  a  number  of  repeat 
fires  in  later  years  did  not  kill  a  majority  of  the 
original  rootstocks. 

The  controlled  burn,  or  repeat  burns,  did, 
however,  retard  the  recovery  of  the  hardwood 
brush.  When  a  pine  seed  source  was  available  in 
the  first  year  or  two  after  the  burn,  and  the 
overstory  was  not  too  dense,  a  satisfactory  stand 
of  pine  seedlings  did  become  established  and  beat 
out  much  of  the  recovering  hardwoods  for  a 
dominant  place  in  the  new  stand.  Sometimes  the 
pine  seeded  in  to  such  a  dense  stand  that  it  would 
likely  stagnate  before  the  stems  would  reach  a 
merchantable  size  for  any  product.  Thus,  removal 
of  the  surplus  pine  and  the  sprouting  and  com- 
peting hardwoods  was  a  likely  necessity. 

The  controlled  burns  usually  did  not  kill 
hardwoods  above  2  inches  in  diameter  and  where 
desirable  these  had  to  be  deadened  by  other 
means. 

Most  fires  that  were  effective  in  killing  the 
above-ground  portions  of  the  unwanted  hard- 
woods killed  most  of  the  pine  seedlings  and  the 
pine  saplings  up  to  about  15  feet  in  height.  Thus, 
any  area  to  be  burned  that  contained  patches  of 
young  pine  that  were  to  be  saved,  had  to  be 
protected  by  fire  lines. 


Controlled  burning  of  older  pine  stands  i  r 
days  when  temperatures  were  high  and  humidi  j 
was  low  resulted  in  much  crown  needle  scorch  ai  c 
a  appreciable  reduction  in  tree  diameter  ai i 
volume  growth. 


COOPERATIVE  RESEARCH 


Regular  Federal  funds  for  an  expand*  9 
program  of  forest  research  continued  to  be  near  j 
nonexistent  in  the  1940's.  To  stimulate  mo: 
effort,  the  assistant  chief  for  forest  research  in  tl  I 
Washington  office  urged  field  Branch  Static: 
Leaders  to  encourage  additional  cooperative  func  ■ 
from  timber  owning  companies.  It  was  promise  I 
that  any  private  funds  so  obtained  would  1 1 
matched  by  additional  Federal  research  fund  . 
John  Watzek,  an  owner  and  director  of  tl 
Crossett  Lumber  Company,  also  responded  to  oi 
request  by  offering  a  sizeable  sum  of  Compar  j 
money  to  finance  a  program  on  genetics  researc : 
on  loblolly  pine. 

Such  a  program  began  at  the  Crossett  Branc : 
in  1951.  This  was  one  of  the  first  major  genetic 
projects  in  the  South.  Much  of  the  work  was  c-i 
large-scale  loblolly  pine  seed  source  tests,  and  c : 
selection  and  breeding  of  "plus"  trees.  Rolar : 
Schoenike  headed  up  the  program  in  the  begi 
ning  and  was  followed  by  Hoy  Grigsby.  Woi 
derful  cooperation  in  the  form  of  manpower,  lar : 
and  timber,  equipment,  and  plantation  areas  Wis 
provided,  not  only  by  the  Crossett  Company  bi  i 
the  Fordyce  Lumber  Company,  Southern  Lumb  i 
Company,     International    Paper    Compan; 
Continental    Can    Company,    and    many    oth  i 
companies  and  individuals. 

About  this  same  time,  the  need  for  i  j 
formation  on  water  requirements  of  manag<J 
stands  of  loblolly  and  shortleaf  pine  becaiu 
apparent.  We  had  many  questions.  For  exampl 
What  was  the  water  holding  capacity  of  tl  £ 
various  soils  in  Arkansas,  Texas,  Louisiana,  ar 
Mississippi?  How  much  was  required  ft  i 
maximum  growth  of  the  stands?  How  much  of  tl  £ 
available  water  was  used  by  dense  stands 
understory  brush?  Would  fertilizers  produce  i ' 
appreciable  increase  in  growth  of  young  ar  i 
middle-aged  stands? 
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Again  we  sought  help  from  the  various  timber 
wning  companies  in  south  Arkansas  and  north 
,ouisiana,  and  they  came  through  with  funds. 
tmong  the  companies  contributing  cooperative 
inds  were  Deltic  Land  and  Timber  Company, 
aternational  Paper  Company,  Ozan  Lumber 
ompany,  and  Fordyce  Lumber  Company. 

This  line  of  research,  also  was  the  first  in  the 
sgion,  and  yielded  much  valuable  practical  in- 
irmation  at  an  early  data.  Robert  Zahner  headed 
IP  this  research  for  several  years. 

It  was  found  that  the  silt  loam  and  silty  clay 
am  soils  found  in  much  of  the  pinelands  of 
mtheast  Arkansas  and  northeast  Louisiana 
ould  hold  up  to  14  inches  of  water  in  the  top  4 
et  of  soil.  Some  of  the  sandy  soils  would  hold 
lly  3  to  6  inches  in  what  was  considered  to  be  the 
|»ot  zone. 

A  reasonably  well- stocked  stand  of  trees 
lould  use  about  2  inches  of  water  per  month  at 
te  beginning  of  the  growing  season.  This  use 
jcreased  rapidly  to  7  inches  (if  available)  by  the 
-st  of  July  and  continued  at  a  high  rate  through 


i^ure  33.-  A  sudden- saw  log  study  plot  thinned  to  100  trees 
per  acre  at  age  9. 


the  rest  of  the  summer.  Late  spring  rainfall,  as 
well  as  precipitation  throughout  the  summer  and 
fall  is  usually  less  than  the  stand  of  trees  can  use 
so  by  early  May  the  trees  start  drawing  water  out 
of  their  root  zone  "water  tank."  By  the  last  of 
June  available  stored  water  is  largely  used  up. 
Thus  subsequent  diameter  and  volume  growth 
depends  upon  current  precipitation  for  the  rest  of 
the  growing  season.  Heavily  stocked  stands 
rarely  grow  more  than  half  of  their  potential 
volume  of  wood  because  of  lack  of  water. 

Any  green  growing  thing  in  the  forest  needs 
water  to  live  and  develop.  This  includes  not  only 
the  desirable  trees  but  also  the  cull  trees,  hard- 
wood brush,  vines,  surplus  reproduction,  and 
surplus  trees  of  all  sizes.  All  draw  water  out  of  the 
limited  amount  in  the  "water  tank." 

In  one  case  it  was  found  that  reducing  the 
volume  of  growing  stock  trees  from  100  or  more 
square  feet  per  acre,  to  50-60  square  feet  allowed 
the  trees  to  add  growth  all  through  the  growing 
season  instead  of  for  only  a  portion  of  it.  This  was 
true  because  there  were  many  fewer  stems 
drawing  water  from  the  limited  amount  in  the  root 
zone  supply.  Likewise  studies  proved  that 
reducing  or  eliminating  a  large  proportion  of  the 
dense  understory  brush  would  result  in  a  large 
increase  in  the  growth  of  the  overstory  pine. 

Fertilizer  studies  indicated  that  nitrogen  was 
the  one  element  whose  addition  would  produce  the 
greatest  growth  response  from  the  pine  timber 
stands  in  the  Crossett  Research  Center  territory. 
But  the  response  varied  from  one  soil  type  to 
another  and  it  was  temporary.  Usually  increased 
growth  could  be  expected  for  only  3  years. 
Younger  stands  had  greater  responses  to  fertilizer 
applications  than  stands  of  older  trees. 

Considering  how  much  fertilizer  had  to  be 
applied  to  have  an  appreciable  effect  on  growth 
and  the  high  cost  of  the  application,  the  practice 
was  not  practical  at  the  time. 


THE  "SUDDEN  SAWLOG"  STUDY 


Another  study  that  was  a  Crossett  Branch 
"first"  was  the  "Sudden  Sawlog"  study  with 
loblolly  pine.  The  generally  accepted  criteria  for 
full,  or  normal,  stocking  of  managed  stands  in  the 
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earlier  years  was  always  120  or  more  square  feet  of 
basal  area  per  acre.  Such  stocking  might  well 
produce  the  maximum  amount  of  cordwood 
growth  per  acre,  but  the  diameter  growth  of  in- 
dividual trees  was  slow  and  the  stands  often  had 
to  reach  40-60  years  of  age  before  an  appreciable 
number  of  stems  would  contain  usable  volumes 
of  sawtimber.  Even  in  the  earlier  years,  the  value 
of  a  cubic  foot  of  wood  in  a  sawlog  was  much 
greater  than  the  same  cubic  foot  in  trees  of 
pulpwood  size.  Thus,  it  seemed  reasonable  to 
assume  that,  if  the  planted  or  natural  stands 
could  be  thinned  severely  so  that  there  would  be 
very  little  competition  between  trees,  for  soil 
moisture  and  sunlight,  the  trees  would  reach 
sawlog  size  at  a  much  earlier  age.  It  was  very 
likely  that,  with  additional  thinning,  the  return  in 
dollars  per  acre  per  year  would  be  appreciably 
more  for  the  heavily  thinned  than  the  "fully 
stocked"  stand  over  any  reasonable  number  of 
years. 

In  a  1954  study  to  test  such  possibilities,  a 
fully  stocked  plantation  (6x6  feet)  was  thinned 
back  to  100  trees  per  acre  at  9  years  of  age  (fig. 
33).  This  was  compared  to  a  treatment  in  which 
the  stand  was  thinned  back  to  85  square  feet  of 
basal  area  (712  trees)  at  age  12.  The  plots  in  the 
second  treatment  were  thinned  back  to  85  square 
feet  at  the  end  of  every  3  years.  The  heavily 
thinned  plots  were  also  given  additional  thinnings 
as  diameter  growth  slowed  or  crown  competition 
developed. 

Other  treatments  were  included  in  the  study  to 
see  if  leaving  more  than  the  100  crop  trees  for  a 
few  years  would  boost  total  yields.  But  such 
treatments  were  only  a  slight  variation  of  the 
original  objective. 

Trees  on  the  heavily  thinned  plots  averaged 
from  16  to  17  inches  in  diameter  at  30  years  of  age. 
The  trees  on  the  plots  thinned  in  a  manner  that 
would  be  considered  heavy  thinning  (to  85  square 
feet  of  basal  area)  at  the  time,  averaged  11  inches 
in  diameter  at  30  years. 

Sawtimber  yields,  including  material  removed 
in  thinnings,  averaged  approximately  10,000  bd. 
ft.  per  acre  (Doyle)  at  stand  age  30  for  the  plots 
originally  given  the  very  heavy  thinnings.  This 
compared  to  about  3,200  bd.  ft.  per  acre  for  the 
plots  repeatedly  thinned  back  to  85  square  feet. 

Total  yields  in  cubic  feet  to  age  30,  including 
material   removed    in    thinnings,    for    the    plots 


thinned  back  to  100  trees  per  acre  averaged  i 
proximately  3,200  cubic  feet  per  acre  as  compa  i 
to  nearly  4,700  cubic  feet  for  the  plots  give  i 
more  standard  type  of  thinning.  However,  j 
greater  yields  in  cubic  feet  would  be  of  greal  = 
interest  to  owners  of  pulp  and  paper  compan  J 
because  a  large  proportion  of  the  production  cc  i 
only  be  sold  as  pulpwood,  at  a  much  lower  rate  \ 
cubic  foot  than  material  in  trees  that  were  la  ■ 
enough  to  produce  logs. 

At  $150  per  M  bd.  ft.  (Doyle)  the  hea^i 
thinned  plots  produced  a  return  of  about  $1,  i 
per  acre  at  30  years. 

The  value  of  the  3,200  bd.  ft.  produced  on 
less  heavily  thinned  plots  was  appraised  at  $  i 
per  M  bd.  ft.  because  the  logs  averaged  mi  i 
smaller  in  size  than  on  the  100  tree  per  acre  pl(  I 
The  total  value  of  the  logs  produced  were  ab  i 
$320  per  acre  at  age  30.  However,  these  pli 
would  have  produced  about  40  cords  of  pulpwo  > 
in  addition  to  the  logs,  and  this  at  $6  per  01 
would  have  been  worth  about  $240  per  acre.  Th 
the  total  value  of  the  production  would  have  b 
$560  per  acre  or  only  about  31  percent  of  the  va 
received  for  the  "Sudden  Sawlog"  plots. 


IN  CONCLUSION 


Many  other  interesting  and  important  fores  ; 
related  events  took  place  in  the  south  Arkans  i 
north    Louisiana    area    during    the     1930-1!  i 
"Beginning   of    Forestry    Years."    Many    ot  i 
important  research  studies  that  were  first  in  tl 
field    were    undertaken    at    the    Crossett    ] 
perimental  Forest  and  on  company  timberlai 
during  this  same  period.  Many  other  U.S.  For; 
Service  and  Arkansas  Forest  Commission  f  i 
sonnel  and  many  individuals— from  Chairmen 
the  Board  down  to  field  hands— helped  in  gett  t 
forestry  launched  in  those  early  and  format 
years.    To   attempt   to   name   them,    and   th 
contribution,    would    require    much    space   1 1 
invariably  some  would  be  overlooked.  So,  to  £ 
who  should  have  been  mentioned  but  were  in 
my  apologies. 

It  was  a  most  interesting  period. 
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SUMMARY 

Residues  from  southern  forests  include  tops,  branches,  central  root  systems,  brush, 
cull  trees,  trees  of  unmerchantable  species,  and  trees  too  small  for  economic  harvest  by 
conventional  methods.  Before  such  residues  can  be  used  by  industry  to  produce  energy, 
they  must  be  reduced  to  chip  form  and  delivered  to  mill  stockpiles  at  a  cost  that  will  permit 
proposed  wood-energy  processes  to  operate  competitively.  Processes,  for  which  wood  chips 
are  the  feedstock,  include  combustion,  gasification,  pyrolysis,  liquefaction,  and  hydrolysis 
and  fermentation. 

This  paper  describes  and  illustrates  about  a  dozen  harvesting  methods  which  can  be 
classified  according  to  procedure  as  follows: 

•  Chip  whole  trees  at  the  stump. 

•  Extract  sawlogs  at  the  stump;  bunch  and  forward  branches. 

•  Chip  whole  trees  at  the  landing. 

•  Extract  sawlogs  at  the  landing;  then  chip,  chunk,  or  bale  branches. 

•  Chip  residues  at  the  mill. 

•  Transport  complete  trees  to  the  mill  (stem,  crown,  roots,  and  foliage);  at  mill,  divert  tree 
portions  to  use  of  highest  value. 

The  cost  of  energy  chips  delivered  into  mill  stockpiles,  including  30-percent  pre-tax  profit  on 
harvesting  investment,  will  likely  range  from  $18  to  $33  per  ton  (green-weight,  1980  basis). 
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Harvesting  Energy  Chips  from  Forest  Residues— Some  Concepts 

for  the  Southern  Pine  Region 


Peter  Koch 


INTRODUCTION 


This  report  on  procedures  for  harvesting  south- 

!rn  forest  residues  is  a  companion  publication  to 

;  previous  report  (Karchesy  and  Koch  1979)  on 

lethods  of  producing  energy   from  hardwoods 

rowing  on  southern  pine  sites. 

Forest  residues  from  southern  pine  sites  include 

>ps,  branches,  central  root  systems,  brush,  cull 

ees,  trees  of  unmerchantable  species,  and  trees 

>o  small  for  economic  harvest  by  conventional 

ethods.  Before  such  residues  can  be  used  by 

dustry  to  produce  energy,  they  must  be  delivered 

[  mill   stockpiles   at   a   cost   that   will   permit 

roposed  wood-energy  processes  to  operate  com- 

?titively.  Usually  the  residues  must  be  reduced 

chip  form. 

While  much  of  the  total  residue  volume  per 
;re  is  in  stump-root  systems  (fig.  1),  and  some 
i  in  small  pine  culls  and  pine  logging  slash, 
'e  preponderance  of  the  volume  is  in  unmer- 
<iantable  and  cull  hardwood  trees.  Such  trees  are 
Kpically  small  in  diameter,  short,  and  crooked. 
hw  volume  per  stem  and  per  acre  and  highly 
friable  species  mixes  from  site  to  site  and  from 
;and  to  stand  combine  to  raise  harvesting  costs. 
Ive  of  the  major  species,  sweetgum,  black  tupelo, 
}  How-poplar,  sweetbay,  and  sugarberry,  have  un- 
(Vided  central  stems  typical  of  excurrent  growth. 
(g.  2,  left);  this  growth  pattern  eases  harvesting 
ijoblems.  Sixteen  of  the  species  (the  oaks,  hickories, 
€,jns,  and  red  maple),  however,  have  forked  stems 
tpical  of  decurrent  growth  (fig.  2,  right)  that 
ripke  harvesting  them  difficult  and  costly.  The  ash 
secies  are  intermediate  in  growth  form,  but  have 
vdely  spreading  crowns. 
Moreover,  many  pine-site  hardwoods  grow  on 
train  that  is  ill-suited  for  harvesting  equipment. 
Samples   are   the   steep,    rocky   slopes   of   the 


Arkansas  and  Virginia  mountains,  and  the  soft 
ground  of  the  rain-saturated,  rock-free,  flat-to- 
rolling  coastal  plains  in  winter. 

Proposed  in  this  paper  are  partial  solutions  only, 
and  some  concepts  for  consideration.  Significantly 
increased  research  and  development  work  on  log- 
ging systems  and  equipment  appropriate  for  the 
resource  are  essential  to  fully  adequate  solutions 
(Boyd  et  a).  1977).  Such  work  should  be  carried 
out  at  numerous  centers  because  failures  will  out- 
number successes.  The  rarity  of  technological 
breakthroughs  over  the  decades  attests  to  the 
difficulty  of  developing  efficient  harvesting  tech- 
niques for  the  pine-site  hardwoods. 

Harvesting  methods  are  influenced  not  only  by 
terrain  features,  soil  characteristics,  weather,  and 
ecological  considerations,  but  also  by  stand  density, 
diameter  distribution,  species  mix,  scale  of  the  har- 
vesting operation,  tract  size,  and  the  purpose  for 
which  the  trees  are  logged,  i.e.,  for  fuel,  pulpwood, 
solid  wood  products,  or  chemical  products.  My 
initial  assumption  — that  energy  wood  will  usually 
be  delivered  to  the  energy-producing  plant  in  chip 
form  — somewhat  defines  harvesting  procedures. 

Processes,  for  which  wood  chips  are  the  feed- 
stock, include  combustion,  gasification,  pyrolysis, 
liquefaction,  and  hydrolysis  and  fermentation. 

This  paper  describes  and  illustrates  about  a 
dozen  harvesting  methods  that  can  be  classified 
according  to  procedure  as  follows: 

•  Chip  whole  trees  at  the  stump. 

•  Extract  sawlogs  at  the  stump;  bunch  and 
forward  branches. 

•  Chip  whole  trees  at  the  landing. 

•  Extract  sawlogs  at  the  landing;  then  chip, 
chunk,  or  bale  branches. 

•  Chip  residues  at  the  mill. 

•  Transport  complete  trees  to  the  mill  (stem, 
crown,  roots,  and  foliage);  at  mill,  divert  tree 
portions  to  use  of  highest  value. 


ler  Koch  is  Chief  Wood  Scientist.  Forest  Products  Utilization  Research,  Southern  Forest  Experiment  Station,  Forest 
[-vice— USDA,  Pineville.  Louisiana.  This  report  is  based  on  a  paper  presented  at  the  Weyerhaeuser  Symposium  "Forest- 
t  Mill  Challenges  of  the  Future,"  Taeoma,  Washington,  September  17,  1980. 


Figure  1.  —  Central  stump-root  systems.  (Left)  Southern  pine.  {Right)  Sweetgum. 


CHIP  WHOLE  TREES  AT  THE  STUMP 


The  problem  of  accumulating  logging  slash,  or 
pine-site  hardwoods  with  their  widespread  strong 
limbs,  into  compact  bundles  for  skidding  or  cable 
yarding  is  difficult;  chipping  whole  trees  at  the 
stump  is  one  alternative. 

Felling-bar  harvester.  —Five  timber  companies 
with  southern  operations  and  Nicholson  Manu- 
facturing Company  cooperated  with  the  Southern 
Forest  Experiment  Station  of  the  U.  S.  Forest 
Service  (with  substantial  financial  assistance  from 
the  Department  of  Energy )  to  develop  a  commercial 
prototype  of  a  swathe-felling  mobile  chipper.  From 
many  proposed  designs,  a  mobile  chipper  with  a 
ground-level  cylindrical  felling  bar  feeding  a  drum 
chipper  was  adopted  (fig.  3). 

Performance  goals  required  that  the  chipper: 

•  Operates  primarily  on  terrain  that  is  relatively 


stone-free,  has  a  slope  of  30  percent  or  less, 
and  supports  9  psi  in  track  pressure.  In  follow- 
up  designs,  a  track  pressure  of  8  psi  will  be  the 
goal;  6  psi  would  be  preferable. 
Harvests  1  acre  per  hour  at  1  mile  per  hour 
on  land  averaging  25  tons  (green  weight)  of 
logging  residue  and  standing  culls  per  acre. 
Fells  and  chips  standing  stems  of  southern 
hardwoods  and  softwoods  up  to  12  inches  in 
diameter  (measured  6  inches  above  ground 
level )  while  moving  at  1  mile  per  hour. 
Mills  off  the  tops  of  12-inch-diameter  stumps 
to  6-inch  height  while  traveling  at  1  mile  per 
hour  (larger  stumps  at  lower  speeds). 
Picks  up  and  feeds  into  the  drum  chipper  tops, 
branches,  and  cull  stem  sections  residual  from 
logging  operations. 

Chips  felled  stems  up  to  19  inches  in  diameter 
if  properly  oriented  to  the  chipper  infeed  and 
with  heavy  lateral  branches  severed  or  notched 
to  ease  crown  compaction. 


The  commercial  prototype  was  assembled  on 
the  chassis  of  an  FMC  forwarder  equipped  with 
extended  tracks  (fig.  4,  bottom).  The  machine  has 
a  575-horsepower  diesel  engine  which  powers  all 
functions  including  propulsion.  Specifications  are 
as  follows: 


Gross  vehicle  weight 

73,000  pounds 

Approximate  ground  contact 

6,740  square 

area  with  2-inch  penetra- 

inches 

tion  of  tracks 

Approximate  ground  pressure 

10.7  psi 

Drum  chipper  characteristics 

Cutting  circle  diameter 

48.0  inches 

Spout  width 

47.5  inches 

Number  of  knives 

3 

Rake  angle  of  knives 

52.5° 

Drum  speed 

544  rpm 

Nominal  feed  speed 

136  feet  per 

minute 

Felling-bar  characteristics 

Cutting-circle  diameter 

16.5  inches 

Length 

93.5  inches 

Number  of  knives 

4 

Rake  angle  of  knives 

38.5° 

Rotational  speed 

0-600  rpm 

Clearance  above  ground 

2  to  7  inches 

Diameter  of  side  feed  rolls 

24  inches 

Machine  ground  speed 

Creeping  to  3 

miles  per  hour 

In  operation,  chips  from  the  drum  chipper  are 
lown  to  the  rear  of  the  moving  machine  into 
ne  of  a  pair  of  self-powered  tracked  vehicles, 
ich  carrying  a  quick-dump  chip  bin  with  10-ton 
olding  capacity  (fig.  4,  top).  Average  speed  of  the 
tobile  chipper  should  be  1  mile  per  hour  over 
>ck-free  terrain  of  less  than  30-percent  slope 
lat  will  support  10  psi  ground  pressure.  At  this 
Deed  the  harvester  will  cover  about  1  acre  per  hour 
i  land  averaging  25  tons  (green  weight)  per  acre 
;  logging  residues  in  the  form  of  tops  and  limbs, 
sanding  cull  trees,  and  stumps.  About  85  percent 
E  such  residue  should  be  recovered  as  chips  and 
slivered  into  roadside  piles  at  about  $11.85  per 
reen  ton  including  30  percent  pretax  profit  on 
luipment  investment  (1977)  of  $470,000.  When 
:heduled  7  days  a  week  and  9.5  hours  a  day,  the 
machine  should  harvest  about  1500  acres  per  year 
(och  and  Nicholson  1978). 

If  this  system  can  be  put  into  successful  opera- 
pn,  it  will  provide  mills  with  wood  for  fuel  and 
ber  that  would  otherwise  be  wasted;  the  system 

so  has  numerous  other  benefits: 


•  Changes  some  of  the  capital  investment  for 
site  preparation  to  a  harvesting  expense. 

•  Should  improve  public  reaction  to  harvesting 
because  it  eliminates  waste  wood  and  unsight- 
ly slash. 

•  Avoids  the  smoke  of  windrow  and  burn  opera- 
tions. 

•  Compared  with  the  windrow  and  burn  sys- 
tem, increases  plantable  area  (by  perhaps  10 
percent)  — because  not  all  windrows  are  com- 
pletely burned. 

•  Increases  land  productivity,  because  scalping 
inherent  in  pile  and  burn  operations  is  elimi- 
nated. 

•  Hastens  replanting  by  several  months  be- 
cause harvesting  accomplishes  site  prepara- 
tion. 

•  Wood  harvested  is  forest  residual  chips  (rather 
than  chunks  or  shreds )  which  have  high  poten- 
tial for  fiber  products  more  valuable  than 
energy. 

•  Because  no  wood  is  skidded  over  the  ground, 
wood  delivered  via  mobile  chipper  and  chip  for- 
warding bins  should  be  relatively  free  of  dirt. 

The  swathe-felling  mobile  chipper  equipped  with 
felling  bar  is  currently  undergoing  extensive  tests 
on  southern  lands  of  the  U.S.  Forest  Service  and 
the  five  industrial  cooperators.  Performance  data 
should  be  available  in  1981. 

Circular-saw  harvester.  —  An  alternative  design 
for  a  swathe-felling  mobile  chipper  severs  stems 
and  feeds  a  disk  chipper  with  dual  ground-level 
circular  saws  counter-rotating  toward  each  other 
(Smith  and  O'Dair  1980).  NFI.  Inc.,  Alexandria, 
La.,  cooperated  with  Georgia-Pacific  Corporation 
to  build  a  brush  harvester  on  this  principle  (fig.  5). 
All  functions  of  the  harvester  are  driven  by  a 
430-horsepower  diesel  engine.  The  tracked  machine 
weighs  48,000  pounds  when  carrying  a  6,000-pound 
chip  load  and  exerts  a  ground  pressure  of  8.3  psi. 
The  16-tooth  cutter  disks  remove  a  2 ]A  -inch  kerf 
and  cut  a  7.5-foot  swathe.  Trees  and  brush  5 
inches  in  dbh  and  smaller  are  easily  felled  and 
efficiently  fed  into  the  chipper.  Design  ground 
speed  is  about  1  mile  per  hour.  The  machine  as 
originally  built  was  priced  ( 1978)  at  about  $245,000. 
and  had  hourly  production  of  about  6  tons  (green 
basis)  of  whole-tree  chips.1  The  machine  illustrated 
in  figure  5  must  cease  harvesting  each  time  the 


'Koch.  P.  1977.  Correspondence  relative  to  Study  FS  SO 
3201-2. HI.  Southern  Forest  Experiment  Station.  USDA 
Forest  Service.  Pineville.  La. 


1-Foot  Radius  Lateral  Root  System 

TVee  Part  Percent 

Foliage  3.2 

Branches  and  Twigs  18.5 

Stem  63.0 

Stump-root  System  15.3 

100.0 

Figure  2.  — Typical  stem  and  branch  patterns,  and  average  biomass  distribution  (dry-weight  basis)  of  6-inch  diamel' 
hardwoods  of  the  major  species  growing  on  southern  pine  sites.   (Left)  Excurrent  growth  of  sweetgu 
(Right)  Decurrent  growth  of  blackjack  oak.  (Drawings  after  Brown  and  Grelen  1977.) 


chip  bin  is  filled,  travel  to  roadside  to  empty  its 
load  onto  a  roadside  chip  pile,  and  then  return 
to  where  harvesting  was  discontinued. 

To  avoid  such  discontinuous  harvesting,  the 
Pallari  harvester,  which  operates  on  a  similar 
felling  and  chipping  principle  (fig.  5A),  discharges 
chips  into  portable  chip  sacks  which  are  thrown 
from  the  harvester  when  filled.  Use  of  sacks  gives 
the  harvester  maneuverability  around  obstacles 
and  enables  it  to  reverse ;  also  it  permits  formation 
of  a  small  buffer  storage  in  the  forest.  Disadvant- 
ages include  additional  original  investment  in 
sacks  and  costs  of  sack  repair;  also  the  sacking 
system  requires  at  least  one  extra  hand  for  the 


harvester  and   another  for  unloading   sacks 
roadside.   Readers  interested  in  the  system  at 
referred  to  Hakkila  and  Kalaja  (1980)  who  ha^e 
provided  operational  data  on  the  machine. 

Manual  felling  and  farm-tractor  chipping.  — Tl  i 
systems  just  described  use  complex  heavy  machi: 
ery  involving  substantial  investments.  There  a  f 
simple  alternatives  requiring  less  capital  but  mo  E 
labor.  For  example,  using  light  farm  machine)  * 
(fig.  6)  a  man  can  harvest  during  1  working  de< 
about  4.3  tons  of  green  whole-tree  chips  equal  a 
fuel  value  to  1  ton  (286  gallons)  of  oil.  (A  gallci 
of  number  2  heating  oil  weighs  7.0  pounds  and  h;  i 
a  heat  content  — 135,000  Btu— equal  to  about  SI 


ounds  of  green  whole-tree  chips  of  pine-site  hard- 
oods.)  At  $1.00  per  gallon,  286  gallons  of  heating 
il  (1  ton)  will  cost  $286. 

The  poorer  burning  efficiency  of  wood,  the  high 
>st  of  wood-fueled  burners  compared  to  oil  burners, 
nd  the  inconvenience  of  handling  wood  make  it 
oubtful  that  a  seasonal  worker  could  sell  his 
ay's  output  (4.3  tons  of  green  chips)  for  $286, 
jut  he  might  — in  the  not  too  distant  future  — get 
il43  (or  $33  per  ton)  delivered  to  the  user's 
lei  pile. 

The  low-investment  harvesting  shown  in  figure  6 
ould  be  ecologically  acceptable  to  many  southern 
rmers  and  woodlot  owners.  Each  worker  in  the 
vo-man  team  might  earn  $143  per  day,  less  his 
»are  of  stumpage,  daily  cost  of  the  chainsaw  and 
.mple  harvester,  and  cost  of  trucking  8.6  tons  to 
i.e  customer's  fuel  pile.  Thus,  when  energy  chips 
ach  a  value  of  $33  per  ton,  a  farm  woods  worker 
tting  fuel  chips  might  pocket  $100  per  day  with 
ry  low  capital  investment. 
Intermediate  between  the  low-investment  con- 
opt  of  figure  6  and  the  high-investment  system 
<:own  in  figure  4,  are  several  arrangements  where- 
lf  tractor-powered  chippers  operate  along  strip 
rads.  Trees  are  dragged  from  distances  of  about 
110  feet  to  the  chippers  by  light  winches,  or  small 
factors.  If  strip  roads  can  be  spaced  closely  (e.g., 
.0  feet  apart),  long-reach  sliding-boom  cranes  can 
flip  the  trees  after  felling,  draw  them  to  the  strip 
rad,  and  feed  them  into  moderately  powered 
cippers.  Chips  can  be  blown  into  pallets  or  quick- 
c  mp  bins  for  forwarding  to  highway  trucks.  These 
'andinavian  systems  are  further  described  by 
Msson  (1978),  Kalaja  (1978),  Hakkila  (1978),  and 
lakkilaet  al.  (1979). 


EXTRACT  SAWLOGS  AT  THE  STUMP- 
BUNCH  AND  FORWARD  BRANCHES 


A  mechanized  alternative  procedure  was  pro- 
posed by  Mattson  et  al.  (1978).  By  this  system, 
crowns  too  massive  for  the  whole-tree  chipper 
would  be  severed  from  the  felled  and  bunched  tree. 
After  the  stemwood  is  skidded  away,  a  small, 
highly  maneuverable,  hydraulically  actuated  shear 
mounted  on  a  knuckle  boom  of  a  vehicle  (fig.  8) 
would  sever  large  protruding  limbs  and  align  them 
with  the  butt  of  the  main  stem  of  the  top.  Thus 
compacted,  the  top  is  grapple  skidded  to  the  whole- 
tree  chipper.  In  1978,  the  cost  per  green  ton  to 
shear  and  compact  the  tops,  skid  them  to  road- 
slide,  and  chip  them  was  estimated  at  $6.32  per 
ton,  green  basis. 
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When  logging  hardwood  timber  that  is  of  quality 
gDd  enough  to  contain  sawlogs  or  veneer  logs, 
His  usual  practice  to  sever  the  crowns  from  the 
s  ms  and  leave  them  near  the  stump  as  logging 
s  sh.  If  the  massive  crowns  are  then  skidded  to 
apadside  chipper,  they  can  cause  much  damage  to 
nidual  trees.  Moreover,  the  heavy  limbs  of  many 
s?cies  are  so  inflexible  that  they  must  be  notched 
b:  chainsaw  before  they  can  be  compressed  for 
c  pping  by  the  feedrolls  of  a  roadside  chipper 
I*.  7).  Such  notching  is  hard  work  and  dangerous. 
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Figure  "A.  — Concept  of  a  mobile  machine  with  a  felling  bar 
arranged  to  feed  a  drum  chipper,  t Drawing  after 
Koch  and  Savage  HMO.) 
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Figure  A.  — (Top)  Mobile  chipper  and  companion  chip  forwarders  retrieve  standing  trees  and  logging  slash 
as  chips  and  deposit  them  in  roadside  inventory  piles.  (Drawing  after  Koch  and  Nicholson  1978.) 
(Bottom)  Swathe-felling  and  chipping  hardwoods  while  traveling  1  mile  per  hour. 


]|gure  5.  —  NFI/GP  brush  harvester.  (Top  left)  Twin  counter-rotating  cutting  disks  that  sever  stems  just  about  ground 
level  and  direct  them  into  feed  rolls  leading  to  a  drum  chipper.  (Top  right)  Front  view  from  cleared  swathe. 
(Lower  left)  Side  view;  grillwork  on  the  front  directs  falling  trees  forward.  The  chip  bin  is  directly  behind 
operator's  cab  and  the  power  unit  trails.  (Lower  right)  Chip  bin  self-dumps  at  roadside.  (Photos  from  J.  O'Dair, 
NFL) 


CHIP  WHOLE  TREES  AT 
THE  LANDING 


EXTRACT  SAWLOGS  AT  LANDING 
THEN  CHIP,  CHUNK,  OR 
BALE  BRANCHES 


In  a  typical  whole-tree  chipping  operation  (fig. 
1  an  investment  of  about  $600,000  is  required 
(979  basis).  Equipment  needs  include  a  mobile 
iadside  chipper  capable  of  chipping  whole  hard- 
\x>d  trees  with  crowns  attached,  two  feller- 
hnchers,  and  two  grapple  skidders.  Also  needed 
te  a  fifth-wheel  tractor  for  spotting  setout  trailers 
i  the  woods,  two  fifth-wheel  mainhaul  tractors 
fr  highway  transport,  seven  chip  vans,  and  sup- 
{ rt  equipment  for  maintenance.  Such  operations 
iquire  8-man  to  10-man  crews,  producing  about 
c0  cords  weekly,  or  8  cords  per  man-day  (Warren 
cd  Kluender  1978).  Recent  studies  of  such  opera- 
tins  on  pine-site  hardwoods  indicate  a  cost  of 
eout  $15  per  green  ton  of  chips  delivered  to  the 
r  11,  before  addition  of  profit  on  investment. 


Sawlogs  and  veneer  bolts  are  removed  prior  to 
some  whole-tree  chipping  operations  in  which  the 
unmerchantable  tops  and  all  remaining  standing 
stems  larger  than  3  or  4  inches  are  brought  to  a 
landing  for  chipping.  In  others,  sawlogs  or  veneer 
bolts  are  separated  at  the  landing  with  the  remain- 
der being  chipped.  Studies  in  the  North  Central 
states  indicate  that  a  minimum  of  about  10  tons 
(green  basis)  of  hardwood  sawlogs  must  be  obtain- 
able per  acre  to  justify  sawlog  sorting  prior  to 
whole-tree  chipping  (USDA  Forest  Service,  North 
Central  Forest  Experiment  Station  1978,  p.  55). 
Graves  et  al.  (1977)  concluded  that  sawlog  and 
veneer  log  sorting  was  economical  if  the  value  of 
such  roundwood  exceeds  $26  to  $40  per  cord  at  the 
landing,  depending  on  the  system  used. 


CHIP  SACKS 


GUTTING  PLATES 


STEEL  BASE 
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Figure  5A.  —  Pallari  swathe  harvester.  (Top)  Principle  of  operation.  ( Bottom)  Harvester  in  action,  temporary 
chip  storage  in  sacks,  sack  forwarder,  and  roadside  discharge  of  sacks  into  a  chip  trailer. 
(Drawings  from  Hakkila  and  Kalaja  1980.) 
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Figure  6.  -(Top)  Tiro-man  team  harvesting  whole-tree  chips  for  fuel  using  a  chainsaw 
equipped  with  a  felling  frame  (to  avoid  stoop  labor),  and  a  light  farm  tractor 
powering  a  brush  chipper.  Daily  output  is  8  to  9  tons  (green  basis)  for  the  two-man 
team.  (Drawing  after  Hakkila  et  al.  1979).  (Bottom  left)  Felling  a  small  tree  with 
a  frame-mounted  chainsaw.  (Bottom  right)  Manual  bunching  of  trees.  (Photos 
from  files  of  P.  Hakkila.) 


Figure  7.  —  (Top)  Self-feeding,  whole-tree  chipper  at  roadside  landing  processing  pine-site  hardwoods.  The 
machine  carries  a  575-horsepower  diesel  engine  and  can  continuously  chip  white  oak  stems  11 
inches  in  diameter.  Stem  to  22  inches  in  diameter  can  be  chipped  with  intermittent  feed.  Chips 
are  blown  into  vans  for  transport  to  the  mill.  (Photo  from  Nicholson  Manufacturing  Company.) 
(Bottom)  Typical  whole-tree  chipping  system  (Drawing  after  Biltonen  et  al.  1976.) 
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Figure  9  shows  a  running  skyline  yarder  teamed 
vith  a  whole  tree  chipper  in  a  major  operation 
larvesting  hardwoods  from  the  steep  hills  of  the 
Zirginias.  With  this  system,  whole  trees  are 
leposited  on  the  landing,  and  high  grade  logs  are 
emoved  by  chainsaw  before  the  loader  feeds 
emaining  tops  and  stems  into  the  whole-tree  chap- 
ter, thus  clearing  the  landing.  Landings  are  bull- 
ozed  to  accommodate  the  yarder,  the  chipper,  two 
hip  vans,  two  skidders,  and  a  log  truck. 
I  Ordinarily  clearcuts  are  40  acres  or  less.  Typi- 
ally,  the  yarder  is  moved  twice  in  a  40-acre  set 
l^hile  the  tractor  that  anchors  the  tail  of  the 
jkyline  ( downhill  or  uphill,  and  about  800  feet  away 
rom  the  yarder)  is  moved  12  to  15  times.  Virtually 
jvery  tree,  regardless  of  size,  is  dropped  and  skidded 
lorn  the  set.  Production  averages  200  tons  of 
| hole-tree  chips  per  8-hour  day;  another  15  tons 
jave  the  landing  daily  in  the  form  of  sawlogs. 
ixcluding  the  logging  supervisor,  11  men  make  up 
le  crew.  Three  work  under  the  carriage  (a  rigger 
id  two  choker  setters),  two  operate  chainsaws, 
lie  runs  the  yarder,  and  one  operates  the  chipper, 
'ne  man  switches  chip  trailers,  another  unhooks 
iiokers  at  the  landing,  and  two  men  operate 
:ibber-tired  skidders.  Additionally,  a  mechanic  is 
i'/ailable  on  call.  Saw  logs  diverted  from  the 
nipper  and  chip  vans  are  hauled  by  an  independent 
oerator  (Pulpwood  Production  and  Saw  Mill 
lagging  1973). 

j  Some  operators  find  it  difficult  to  work  machines 
<j  their  capacities  in  such  a  continuous-flow 
Igging  operation.  They  therefore  yard  stems  into 
eld  decks;  at  a  later  date  a  grapple  skidder 
lads  the  whole-tree  chipper  from  the  cold  deck. 

Mechanized  machines  for  delimbing  and  log 
ifcovery.  —The  job  of  delimbing  hardwood  trees 
id  extracting  saw  logs  with  a  chainsaw  (fig.  9)  is 
l.rd,  dangerous  work.  Highly  mechanized  road- 
sle  machines  for  delimbing  and  dismembering 
r  rdwoods  are  not  yet  available,  but  something 
1  e  the  Hahn  harvester  (Larson  1978),  with  added 
povision  to  sever  limbs  into  chunks,  is  envisioned 
( g.  10).  The  chunks  would  later  be  chipped  for 
eergy  wood  at  a  central  location. 

Swathe-cutting  feller-buncher  teamed  with  a  log- 
soaration  and  branch  baling  operation. —Feller- 
bnchers  in  wide  use  shear  one  stem  at  a  time 
ad  accumulate  several  stems  before  dropping 
tern  to  the  ground.  For  small  stems,  however, 
tils  is  slow  (i.e.,  up  to  about  120  stems  per  hour) 
b:ause  the  shearing  head  must  approach  each  tree 
iilividually.  Needed  is  a  practical  machine  for 
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Figure  8.  —  (Top)  Experimental  topwood  harvester  shearing 
and  aligning  limbs  of  hardwood  tops.  (Center) 
Typical  hardwood  top.  (Bottom)  Compacted  top. 
(Photo  from  Mattson  et  al.  1978.) 


pine-site  hardwoods  and  brush  that  will  cut  a 
swathe  about  8  feet  wide,  severing  at  ground  level 
everything  in  its  path,  while  holding  the  severed 
trees  to  accumulate  a  suitable  load  for  the  grapple 
skidder.  Conifers,  with  small  crowns,  afford  easier 
solution  than  do  the  wide-crowned  hardwoods.  At 
least  two  prototypes  have  been  built  to  test  this 
idea  on  conifers— the  Prince  Albert  Pulpwood 
machine  (Stock  1978)  and  the  Hydro-Ax  swath- 
cutter  (Davidson  1978).  Both  use  thick  circular 
saws  to  sever  all  stems  at  groundline  in  a  swathe 
several  feet  wide  while  the  machine  travels  at  1 
mile  per  hour  or  faster  and  accumulates  a  dozen 
or  more  severed  trees  before  dropping  them  in  a 
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bunch.  The  Hydro-Ax  has  cut  and  bunched  more 
than  four  trees  per  minute;  in  dense  stands  of 
very  small  spruce  and  fir  the  Prince  Albert  Pulp- 
wood  machine  has  averaged  25  trees  per  minute. 

The  rationale  for  development  of  a  swathe- 
cutting  feller-buncher  is  clear;  its  practical  execu- 
tion in  a  form  appropriate  for  heavy-crowned  small 
hardwoods  is  difficult,  but  probably  not  impossible. 
Assuming  that  resulting  bunches  can  be  ground 
skidded  (or  skyline  yarded  free  of  the  ground)  to 
roadside,  they  could  then  be  separated  at  roadside 
into  components  to  maximize  value.  Removal  of 
stiff,  strong  limbs  from  multiple  stems  of  hard- 
woods is  a  very  difficult  job,  however.  Assuming 
that  this  step  can  be  accomplished,  Walbridge  and 
Stuart  (1978)  concluded  that  it  should  be  possible 
to  bale  limbs  and  tops,  and  have  proposed  some 
prototype  machinery  (Stuart  and  Walbridge  1976, 
Stuart  et  al.2,  Stuart  et  al.   1980).  Whole  trees 


2Stuart,  W.  B.,  R.  G.  Oderwald,  J.  N.  Perumpral,  and 
R.  Williams.  1979.  The  development  of  engineering  criteria 
for  an  in-woods  baler.  Final  Report,  USDA  Forest  Service, 
Contract  333927-1,  March  16,  1979. 


would  be  skidded  to  the  landing,  and  left  alongside 
the  loader-baler  machine  where  they  would  be 
delimbed  and  topped.  The  loader  would  not  only 
load  merchantable  stems  onto  logging  trucks,  but 
would  feed  limbs  and  tops  into  a  baler  located 
beneath  the  loader  (fig.  11). 

Bales  would  measure  about  3  feet  square  in  end 
section  and  3  or  4  feet  long;  with  bulk  density  of 
40  to  45  pounds  per  cubic  foot,  bales  should 
weigh  1,500  to  1,800  pounds.  The  baler  is  estimated 
to  cost  $30,000  to  $50,000  (1979  basis). 

An  experimental  baler,  built  by  International 
Baler  Corporation,  Jacksonville,  Florida,  was  de- 
livered to  Tidewater  Manufacturing  Company  in 
Brunswick,  Georgia,  for  trailer  mounting  with 
power  unit  and  hydraulic  system  and  controls. 
The  baler  then  was  delivered  to  Virginia  Poly- 
technic Institute  in  the  fall  of  1980  for  evaluation. 
About  150  bales  have  been  produced  to  date  from 
both  green  and  dry  hardwod  residues.  Develop- 
ment work  is  continuing  and  will  concentrate  on 
devising  an  automatic  infeed  mechanism,  tying 
procedures,  and  methods  to  increase  production. 
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Figure  9. —  In  this  West  Virginia  operation  on  steep  terrain,  a  running  skyline  yards  entire  hardwood  trees  to  the  landing, 
where  chokers  are  released.  Sawlogs  of  high  quality  are  extracted  by  chainsaw.  The  loader  feeds  tops  to  the  whole- 
tree  chipper  which  blows  resultant  chips  into  a  waiting  van.  (Drawing  after  photo  from  Westvaco  Corporation.! 
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SKYLINE  RESIDUE  HARVESTER 
SYSTEM  CONCEPT 


Figure  10.  —  (Top)  Hahn  harvester  shear-delimbing  aspen (Fopul us  tremuloides  Michx.lond 
sawing  stems  into  logs  or  bolts.  Machine  functions  are  powered  by  a  160-hp  diesel 
engine.  The  harvester  is  roadable  and  can  process  about  840  stems  per  8-hour 
shift.  (Photo  from  Hahn  Machinery,  Inc.  Two  Harbors,  Minn.).  (Bottom)  Layout 
combining  the  Hahn  harvester  with  a  running  skyline  and,  in  a  secondary  opera- 
tion, reducing  limbs  to  chunks  for  highway  transport.  These  chunks  would  later 
be  chipped  for  fuel  or  fiber.  (Drawing  from  a  proposal  by  the  Pacific  Northwest 
Forest  and  Range  Experiment  Station,  USDA  Forest  Service.) 
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Figure  ll.-CWpt  /or  recovery  of  sawlogs  followed  by  baling  tops  and  limbs  at  the  landing 
Nop)  Layout  of  landing  where  sterns  are  delimbed.  topped,  and  loaded  on  truck, 
limbs  are  loader-fed.  sheared  to  short  lengths,  and  baled.  /Bottom,  Cubical  bale's 
are  strapped  with  10-gauge  annealed  wire,  measure  about  3  feet  on  a  side  and 
weigh  1,500  to  1,800  pounds  when  green.  (Drawing  after  Walbridge  and  Stuart 
1978;  photo  from  T.  A.   Walbridge.  Jr.) 
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CHIP  RESIDUES-INCLUDING 

STUMP-ROOT  SYSTEMS-AT 

THE  MILL 

As  described  in  figures  10  and  11,  it  is  possible 
to  deliver  tops  and  branches  in  the  form  of  chunks 
or  bales  to  an  energy-producing  plant  where  they 
can  be  chipped  in  a  centralized  facility. 

Stump-root  systems  can  also  be  extracted  from 
the  ground  following  primary  harvest  operations, 
and  delivered  to  a  central  plant  for  chipping. 

Stump  pulling  and  processing.  —  Proponents  of 
complete-tree  utilization  view  the  central  stump- 
root  system  of  pine-site  hardwoods  as  a  major 
source  of  wood  for  energy  or  fiber.  These  central 
stump-root  systems,  with  lateral  roots  severed  at 
a  1-foot  radius,  comprise  about  15  percent  of  the 
weight  of  above-  and  below-ground  tree  biomass 
ovendry  basis)  and  about  28  percent  of  the  weight 


of  bark-free  merchantable  stems  of  small  pine-site 
hardwoods.  Ready  availability  of  an  unused  wood 
resource  of  such  magnitude  is  a  strong  incentive 
to  devise  practical  stump  harvesting  methods. 
Moreover,  removal  of  stumps  in  a  commercial 
harvesting  operation  substantially  reduces  the 
cost  of  preparing  the  site  for  subsequent  planting. 
Stump  removal  is  not  a  new  art.  There  were  about 
500  kinds  of  stump  pullers  on  the  American 
market  in  the  1800's,  and  stump  pulling  became 
a  common  American  profession;  two  men  with  a 
yoke  of  oxen  and  a  stump  puller  could  travel 
indefinitely  across  the  country  pulling  20  to  50 
stumps  per  day  at  $0.25  per  stump— the  standard 
price  in  1850  (Sloan  1958). 

Today,  many  entomologists,  hydrologists,  and 
soil  scientists  in  the  South  view  harvest  of  central 
stump-root  systems  with  favor,  because  of  dimin- 
ished insect  attraction  to  freshly  exposed  stump 
surfaces,  improved  percolation  of  water  into  many 
soils,  and  improvement  of  structure  of  some  soils 
by  the  same  mechanism  as  plowing  of  agricultural 
land.  Uprooting  is  not  unique  to  man-made  forests; 
as  noted  by  Stephens  ( 1956),  trees  of  the  "primeval 
forest"  had  two  general  destinies:  uprooting,  or 
piece-by-piece  disintegration  in  place. 

Andersson  et  al.  (1978)  and  Walker  (1976)  have 
reviewed  equipment  available  worldwide  to  pull 
stumps  after  trees  have  been  felled.  Major  machines 
for  this  purpose  include: 


Machine 

Pallari  stump  harvester 

Cranab  stump  harvester 
Dynapac  stump 

harvester 
OSA  stump  harvester 
Wick-Bartlet  stump 

harvester 
Rockland  roto  lifter 
Cavaceppi  stump  auger 
STFI  oscillating  saw 
FLECO  stump  blade 

Bulldozer-mounted  root 

rake 
Foster  vibro  stump 

extractor 


Reference 

Hakkila  and  Makela 

(1973,  1974) 
Andersson  etal.  (1978) 
Andersson  et  al.  ( 1978) 

Andersson  etal.  (1978) 
Harrison  (1975) 

Walker  (1976) 
FAO(1962) 
Andersson  (1975) 
USDA  Forest  Service 

(1971) 
USDA  Forest  Service 

(1971) 
Anonymous  (1978) 


"igure  12.—  The  Pallari  stump  harvester.  (Top)  Two  designs 
of  splitter-grapple  head.  (Bottom)  Mounted  on 
an  excavator  tracked  chassis.  (Drawing  aftei 
Andersson  et  al.  1978.) 


The  Pallari  stump  harvester  appears  well  adapted 
to  harvesting  stumps  of  pine-site  hardwoods. 
Several  versions  of  the  machine  were  designed  in 
Finland  in  1975-1977  (fig.  12 ).  The  unit  is  generally 
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mounted  on  an  excavator-type  crawler  tractor,  but 
tests  have  also  been  made  on  a  feller-buncher 
chassis.  Andersson  et  al.  (1978)  note  that  the 
machine,  which  is  simple  and  reliable,  can  pull 
individual  stumps  and  split  them  to  the  desired 
degrees  of  fragmentation.  Blomqvist  (1978)  re- 
ported that,  in  commercial  practice,  the  Pallari 
stump  harvester  produces  6.4  cubic  meters  (loose- 
wood  basis)  per  hour  and  that  cost  of  rootwood  so 
harvested  is  $8.40  per  cubic  meter  (loose-wood 
basis)  delivered  to  the  mill;  transport  distance  to 
this  mill  averages  about  25  miles. 

The  OSA  635  prototype  stump  harvester  also 
appears  to  have  some  potential  for  pine-site  hard- 
woods. The  machine  consists  of  a  frame,  a  falling 
weight,  and  four  movable  knives.  The  falling 
weight  drives  the  knives  into  the  stump,  splitting 
it  in  a  cruciform  pattern  (fig.  13  top).  This  opera- 
tion also  frees  the  stump.  When  mounted  on  a 
feller-buncher  or  excavator  chassis,  grapple  claws 
(fig.  13  bottom)  fitted  to  the  splitter  can  split, 
lift,  and  load  stumps  at  a  rate  of  about  5  cubic 
meters  of  solid  wood  per  hour  (Andersson  et  al. 
1978).  These  authors  propose  three  systems  to 
deliver  stumpwood  at  three  levels  of  cleanliness 
into  trucks  for  highway  transport  to  the  mill; 
each  is  based  on  initial  splitting,  harvesting,  and 
limited  fragmentation  of  stumps,  with  subsequent 
processing  as  follows: 


System  description 


Uncleaned  wood 

Partial  cleaning  of  wood 
accomplished  in  the 
forwarder  in  transit 
to  roadside 

Intensive  cleaning  by 
hammermilling  and 
screening  at  the  landing 
before  loading  into  trucks 


Cost,  delivered  60 

miles  to  mill  (solid 

wood  basis) 

Dollars/cubic  meter 
28.52 


28.75 


32.43 


Users  of  rootwood  prefer  it  cleaned  of  dirt  and 
rocks  at  time  of  harvest.  To  satisfy  this  need,  the 
L.  B.  Foster  Company,  Pittsburgh,  Pa.,  combined 
a  vibrating  grapple  head  with  a  hydraulic  self- 
propelled  loader  in  a  prototype  stump  harvester 
(fig.  14).  To  pull  and  bunch  a  stump,  the  operator 
lowers  the  open  grapple  over  the  stump,  with 


prongs  rotated  to  avoid  visible  outstretched  roots 
Hydraulic  pistons  close  the  grapple  prongs  unde 
the  root  system  and  the  vibrator  is  started.  Th 
loader  crane  raises  the  grapple  and  extracts  th 
stump-root  system.  Excess  dirt  is  shaken  off  a 
the  operator  swings  the  vibrating  stump-root  fc 
the  bunching  area,  where  it  is  dropped  when  clean 
This  cycle,  as  observed  in  experimental  runs,  take 
90  seconds  or  less.  A  grapple  sized  to  pull  24-incl 
stumps  weighs  3,000  pounds  (Anonymous  1978). 


Figure  13.  —  OSA  stump  harvester.  (Top)  Splitter.  (Bottom, 
Splitter  compined  with  a  grapple  for  mounting 
on  a  feller-buncher  chassis.  (Drawing  after  An- 
dersson et  al.  1978.) 
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igure  14  —  Stump  puller  incorporating  vibration  device— just  above  grapple— to  free  stump  from  ground  and  loosen  dirt 
from  it.  (Left)  Grapple  closing  over  stump.  (Right)  Extracted  stump-root  system.  (Photos  from  L.  B.  Foster 
Company. ) 


TRANSPORT  COMPLETE  TREES  TO 
THE  MILL 

Whole  trees,  severed  near  ground  level,  can  be 
unched  and  loaded  for  transport,  entire,  to  a 
mtralized  chipping  plant  at  the  energy-producing 
lant  (figs.  15  and  16  top).  Complete  trees,  with 
3ntral  root  portions  intact,  can  also  be  harvested 
nd  transported  entire. 

Tree  puller-bunchers.  —  Most  pine-site  hardwood 
'ees  are  small  in  diameter  and  not  very  heavy. 
.  6-inch  southern  red  oak,  for  example,  complete 
ith  crown  and  lateral  roots  to  a  1-foot  radius, 
eighs  about  430  pounds— of  which  about  16  per- 
mt  is  in  the  stump-root  system.  Costs  per  ton  for 
)nventional  felling  and  bunching  are  inversely 
roportional  to  the  weight  of  the  tree  sections 
)mprising  the  bunch.  Harvesting  the  central 
:ump-root  system  with  the  stem  maximizes  weight 
3r  section  and  should  improve  efficiency. 


Two  tree  pullers  potentially  practical  for  south- 
ern forest  operations  have  been  invented.  One  pulls 
trees  including  entire  lateral  root  systems,  which 
are  subsequently  sheared  and  left  on  the  ground. 
It  has  the  advantage  of  an  adjustable-diameter 
shear  to  accommodate  trees  of  varying  diameters 
(Sederholm  1976).  This  machine  is  not  further 
discussed  because  no  data  are  available  on  its 
operation  on  hardwoods,  for  which  pulling  forces 
with  lateral  roots  intact  are  very  large. 

The  second  machine,  jointly  developed  by  the 
Southern  Forest  Experiment  Station  of  the  USDA 
Forest  Service  and  Rome  Industries  (Koch  1976), 
leaves  lateral  roots  in  place  in  the  soil;  only  the 
central  stump-root  system  is  harvested.  Machines 
of  this  design  are  in  steady  commercial  operation 
in  Florida  pulling  and  bunching  45  to  90  small 
southern  pines  (to  12  inches  dbh)  per  hour.  Har- 
vesting costs,  including  profit  on  equipment  invest- 
ment, total  about  $8.61  per  green  ton  delivered  in 
tree  lengths  to  the  kraft  mill  where  both  rootwood 
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Figure  15.  —  Harvest  and  transport  of  small  whole  trees  to  centralized  chipping  plant.  (Top)  Trees  chain- 
saw  felled  and  bunched  as  in  figure  6,  grapple  loaded  on  forwarder,  and  reloaded  at  roadside 
on  truck  with  bunk  posts  rigged  to  compress  the  load.  (Drawing  after  Hakkila  et  al.  1979.) 
(Bottom)  Whole-tree  portions  of  speckled  alder  (Alnus  incana  (L.)  Moench)  loaded  onto  a 
trailer  rigged  to  compress  the  load  and  contain  it  within  legal  space.  (Photo  from  Yhteisostot 
Oy  Jyki  Tehtaat,  Finland.) 
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nd  stemwood  are  drum  debarked  and  converted 

0  pulp  chips  (Koch  1977).  En  route  to  the  mill, 
rucks  carrying  the  tree-length  limb-free  stems 
with  taproots  attached)  pass  through  a  washing 
tation  consisting  of  two  fire-hose  nozzles  swivel- 
lounted  atop  6-foot  stands,  one  on  each  side  of 

1  concrete  slab.  As  each  truck  passes  through  the 
itation,  the  driver  washes  his  load;  total  delay 
me  is  25  to  30  minutes  per  load  (Davis  and 
lurley  1978). 

Grillot  and  McDermid  (1977)  found  that  in  pine 
pands  in  west  Florida,  productivity  of  the  machine 
hen  making  clear  cuts  was  16  cords  per  machine- 
bur;  when  thinning  it  was  less  productive,  averag- 
ig  only  7  cords  per  hour  because  of  the  smaller 
verage  size  of  trees. 
The  tree  puller,  manufactured  by  Rome  Indus- 
ries,  Cedartown,  Ga.,  can  be  fitted  through  a  quick- 
jitch  mechanism  on  a  number  of  prime  movers— for 
jcample,  a  Caterpillar  920  or  a  John  Deere  544B 
pgs.  1  and  17).  Two  elements  are  essential  to 
le  design  (fig.  18).  The  first  is  a  scissors-type 
rip  achieved  with  a  pair  of  stout  horizontal  knife 
[lades  that  close  at  groundline  and  bite  several 
:  ches  into  the  stem  from  opposite  sides. 
With  this  grip  anchor,  the  second  element  in  the 
jsign  comes  into  action.  It  is  a  clamshell-hinged 
ibular  shear,  22  inches  in  diameter  and  made  of 
-inch-thick  steel.  The  shear,  sharpened  on  the 
wer  edge,  is  forced  vertically  into  the  ground 
i  a  depth  of  10  inches,  thereby  severing  lateral 
iots  all  around  the  tree.  At  this  point,  broad 
ileps  on  opposite  sides  of  the  shear  strike  the 
round  and  limit  further  penetration.  An  additional 
i  roke  of  the  hydraulic  cylinder  raises  the  grips  9 
:iches  while  the  steps  remain  pressed  against  the 
nil  surface.  The  effect  is  to  jack  the  stem  and  break 
I  free  of  the  ground.  Finally,  the  complete  tree 
I  lifted  into  the  air  and  bunched  for  skidding. 
!  nee  shearing  takes  only  a  few  seconds,  a  tree  can 
Is  harvested  and  bunched  in  about  45  seconds. 
Dirt  and  rocks  that  adhere  to  the  stump  root 
'stem  can  present  problems,  expecially  in  clay 
:»ils.  Hardwood  stump  root  systems  are  more 
'  fficult  to  clean  than  the  more  compact  roots  of 
le  southern  pines.  With  pines,  much  dirt  is  shaken 
:ee  during  bunching,  skidding,  and  stacking; 
ashing  en  route  to  the  mill  dislodges  more  dirt, 
;id  finally  a  drum  debarker  can  remove  most 
i[  what  remains  so  that  bark-free  (and  remark - 
oly  dirt-free)  root  wood  emerges  from  the  drum 
ebarker  to  pass  through  disk  chippers  and  hence 
ito  the  mill. 


Figure  16.  —  (A)  Whole  trees  arriving  at  a  tree  merchandiser 

(B)  Whole  trees  being  grapple-loaded  onto 
the    infeed    rolls    of   the    delimiting    machine 

(C)  Rotating  rolls  equipped  with  knives  delimb 
stems  at  120  to  150  feet  per  minute;  limbs  are 
used  for  fuel  or  fiber.  ( D)  Delimbed  stems,  <ijt<  i 
passing  through  a  mechanical  ring  debarker. 
are  crosscut  for  maximum  value  into  poles, 
logs,  and  bolts.  (Photos  from  Kwasnitschka 
1978.) 
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Figure  17 .  —  (Top)  Tree  puller-buncher  poised  to  grip  8-inch  southern  red  oak  at  ground- 
line.  (Bottom)  Hickory  tree  pulled  from  ground  after  lateral  roots  near 
surface  were  severed,  leaving  central  root  mass  intact.  (Photos  from  D. 
Sirois,  Southern  Forest  Experiment  Station,  Forest  Service—  USDA.  Au- 
burn, Ala.) 
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SHEAR 

EXTENDED 


Figure  18.  —  (Top  left}  Rome  TX-1600  lateral  root  shear  and  tree  puller  mounted  on  a 
conventional  four-wheel-drive  articulated  loader,  with  hinged  grip  closed  on 
tree  to  be  harvested.  (Top  right)  View  of  gripping  knives  in  open  position 
with  shear  retracted.  (Bottom  left)  Grip  closed;  in  operation  the  knives 
grip  the  tree  stem  at  ground  level;  no  other  grip  is  needed.  (Bottom 
right)  Grip  closed  and  tubular  shear  fully  extended  20  inches.  Steps  that  bear 
against  soil  surfaces  during  last  9  inches  of  extension  are  visible  on  opposite 
outer  sides  of  the  shear  tube.  Each  side  of  the  tube  is  independently  driven 
through  its  20-inch  stroke  by  a  6-inch  hydraulic  cylinder  housed  in  the 
vertical  column. 
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Sandy  sites  harvested  by  the  tree  puller  show 
few  holes;  dirt  falls  back  into  the  cavities  and 
leaves  a  hole  only  a  few  inches  to  a  foot  in  depth. 
These  holes  are  filled  up  after  rains  and  movement 
of  machines  over  them. 

To  provide  design  information  for  modification 
of  the  Rome  lateral  root  shear  and  tree  puller 
to  adapt  it  for  use  on  southern  hardwoods,  Sirois 
( 1977 )  collected  data  on  stump-root  biomass  and  on 
forces  when  shearing  and  pulling  white  oak, 
southern  red  oak,  hickory  sp.,  and  sweetgum.  In  a 
75-tree  sample,  green  weight  of  the  central  stump- 
root  system  averaged  18  percent  of  the  complete- 
tree  weight  of  above-  and  below-ground  parts.  The 
harvested  stump-root  system  weighed  22  percent 
as  much  as  the  total  above-ground  biomass.  Har- 
vested portions  of  the  stump-root  system  had 
average  green  weight  (when  cleaned)  of  104  pounds, 
with  range  from  79  to  164  pounds  in  trees  that 
measured  from  4  to  12  inches  in  dbh  and  averaged 
about  6.8  inches. 

Hickories  were  the  most  difficult  of  the  four 
species  to  extract  because  most  have  taproots 
with  deep  laterals.  Because  the  lateral  root  shear 
penetrated  only  10  to  12  inches  into  the  ground, 
deeper  laterals  were  not  severed  and  pulling  forces 
sometimes  exceeded  machine  capability.  Forces  to 
shear  laterals  were  greatest  for  the  hickories, 
regression  relationships  indicating  that  more  than 
200,000  pounds  are  required  to  drive  the  shear  to 
a  10-  or  12-inch  depth  in  clay-loam  soils;  lifting 
forces  were  less  than  70,000  pounds. 

The  Rome  tree  puller  tested  has  shear  blades 
16  inches  long  that  grip  the  tree  at  its  base.  Trees 
12  inches  in  dbh  of  all  four  species  may  have  butt 
diameters  in  excess  of  16  inches,  thus  preventing 
closure  of  the  tubular  shear  with  resultant  inability 
to  shear  laterals  around  the  complete  tree  circum- 
ference; when  lateral  roots  are  not  completely 
severed,  pulling  forces  may  be  excessive. 

The  machine  as  tested  weighed  about  30,000 
pounds  when  mounted  on  a  Caterpillar  930  wheeled 
loader,  and  ground  bearing  pressure  was  about 
10  psi.  In  soft  ground  the  machine  sometimes 
penetrated  the  vegetative  mat  and  became  stuck. 

From  this  test  series,  Sirois  (1977)  concluded 
that  the  equipment  could  be  made  to  pull  pine-site 
hardwoods  on  a  production  basis  if  modified  and 
given  operational  limits  as  follows: 

•  The  prime  mover  carrying  the  shear  head 
should  exert  less  ground  pressure  (about  6  psi) 
and  be  capable  of  exerting  higher  drawbar 
forces  than  normal  wheeled  loaders. 


•  The  depth  of  penetration  of  the  lateral  root 
shear  should  be  increased  (mainly  for  sweet- 
gum  and  hickory). 

•  Additional  force  is  needed  to  close  the  scissor 
blades  that  grip  the  tree  at  groundline,  thus 
insuring  that  the  tubular  shear  is  closed 
around  the  complete  circumference  of  the  tree 
so  that  all  lateral  roots  will  be  severed  during 
its  cutting  stroke. 

•  To  keep  machine  cost  and  size  within  reason, 
an  upper  limit  on  tree  size  should  be  established 
at  about  9  inches  dbh. 

Centralized  processing  plant  for  complete 
trees.—  The  wood  industry  applies  the  term  mer- 
chandiser to  a  centralized  facility  that  dismembers 
tree-length  logs,  whole  trees  including  crowns,  or 
complete  trees  including  central  stump  systems  as 
well  as  stems  and  crowns. 

Figure  16  illustrates  the  principal  involved 
whereby  tree  components  are  separated  for  diver- 
sion to  their  highest-value  use.  Branches,  tops, 
bark,  and  central  root  systems  are  converted  into 
energy  chips.  Stems  yield  bark-free  pulpwood, 
saw  logs,  and  veneer  logs. 


CONCLUSION 

Potentially  available  processes  to  harvest  energy 
wood  are  numerous  and  diverse.  It  is  difficult, 
however,  to  profitably  produce  energy  chips  from 
southern  forest  residues  at  a  price  that  consuming 
industries  are  willing  to  pay.  Including  a  30- 
percent  pretax  profit  on  harvesting  investment, 
the  cost  of  energy  chips  delivered  into  mill  stock- 
piles will  likely  range  from  $18  to  $30  per  ton 
(green-weight,  1980  basis).  During  the  next  decade, 
a  few  practical  systems  should  evolve— but  not 
without  much  trial  and  error. 
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